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Framework of the study

o Framework of the study
@ Context of dark matter candidates
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Framework of the study Context of dark matter candidates

Dark matter and supersymmetry

@ Dark matter :

Neutsinog gippe
Heavy clements, i " Hydrogen& heliumgas

CMB, rotation curves, Bullet cluster, ...
= more interesting candidates : WIMPs

@ Supersymmetry :

7 I3 “© % Hierarchy problem, unification of the
a1 Moo BEEHEED couplings, ...
ve %l v i Ha W e = new particlles interacting weakly with
e 4l r e [l 7 standard particles
fermions bosons
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Framework of the study Context of dark matter candidates

Dark matter and supersymmetry

@ Dark matter :

Neutsinog gippe
Heavy clements, i " Hydrogen& heliumgas

CMB, rotation curves, Bullet cluster, ...
= more interesting candidates : WIMPs

@ Supersymmetry :

u ¢ t

7 I3 “© % Hierarchy problem, unification of the
d s b H, H, d 5 b .
o S couplings, ...
ve | v v [ N Ha W e = new partlclles interacting weakly with
e u 7 € i 7 standard particles
fermions bosons

= Dark matter candidates in supersymmetric models
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Framework of the study Context of dark matter candidates

Some candidates

Assuming R-parity :

@ 2 WIMPs candidates in the MSSM :

> Lightest neutralino : a lot of studies = good DM candidate
> LH sneutrino : too high coupling with Z® = don't satisfy experimental constraints
on spin independent direct detection = bad DM candidate
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Some candidates

Assuming R-parity :

@ 2 WIMPs candidates in the MSSM :
> Lightest neutralino : a lot of studies = good DM candidate
> LH sneutrino : too high coupling with Z® = don't satisfy experimental constraints
on spin independent direct detection = bad DM candidate
@ Neutrino oscillations and therefore massive neutrinos = interest on adding RH neutrino

by introducing Dirac mass terms :
> SUSY breaking scale RH sneutrino

» |t can be sterile, mixed with LH sneutrino, ...
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Framework of the study Context of dark matter candidates

Some candidates

Assuming R-parity :

@ 2 WIMPs candidates in the MSSM :

> Lightest neutralino : a lot of studies = good DM candidate
> LH sneutrino : too high coupling with Z® = don't satisfy experimental constraints

on spin independent direct detection = bad DM candidate
@ Neutrino oscillations and therefore massive neutrinos = interest on adding RH neutrino
by introducing Dirac mass terms :
> SUSY breaking scale RH sneutrino
» |t can be sterile, mixed with LH sneutrino, ...

» In this talk : RH sneutrino couples to new vector, scalar field, adding
a new abelian gauge group
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Framework of the study =~ The UMSSM

The UMSSM

o Framework of the study

@ The UMSSM
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Framework of the study =~ The UMSSM

The new U(1) group

@ Symmetry group : SU(3)c x SU(2),. x U(1)y x U'(1)
Coupling constants associated : g3, g2, g’ and g{ = g1 = \/gg’

@ Here it stems from Eg model = U’(1) is a combination with :

Q = C059E6 QX + sin eEG Qw, 9E6 c [77\'/2,71’/2]

Q' choice | Q o |d|L| e v | Hy | Hi | S
Va0Q, | 1] 1|3 ]3| 1] 5] 2] 2]0
vV 24Qw 1 1 1 1 1 1 -2 -2 4
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Framework of the study =~ The UMSSM

The new U(1) group

@ Symmetry group : SU(3)c x SU(2),. x U(1)y x U'(1)
Coupling constants associated : g3, g2, g’ and g{ = g1 = \/gg’

@ Here it stems from Eg model = U’(1) is a combination with :

Q = C059E6 QX + sin eEG Qw, 9E6 c [77\'/2,71’/2]

Q' choice | Q o |d|L| e v | Hy | Hi | S
Va0Q, | 1] 1|3 ]3| 1] 5] 2] 2]0
vV 24Qw 1 1 1 1 1 1 -2 -2 4

@ Chiral supermultiplet S = new vev = p problem resolved as the NMSSM : 1 = %
@ Vector supermultiplet = new gauge boson : B’
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Framework of the study =~ The UMSSM

Gauge bosons

@ Electroweak and U’(1) symmetry breaking :

Vd Vu Vs
Hy) = — H)) = — S) = =
@ Physical abelian gauge bosons : Z; and Z, from Z% = —sin @y B + cos 0y W3 and

Z'=B:
Zy = Z%cosaz + Z'sinay

Z, = —Z%sin oz + Z' cosoz
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Framework of the study =~ The UMSSM

Gauge bosons

@ Electroweak and U’(1) symmetry breaking :

Z'=B:

Zy = Z%cosaz + Z'sinay

Z, = —Z%sin oz + Z' cosoz

@ Physical gauge bosons masses :

72 2
2 g°+8 » 2
Zo*?v, v

M

=Y (H) =

Vu

>

(5) =

Vs
V2
@ Physical abelian gauge bosons : Z; and Z, from Z% = —sin @y B + cos 0y W3 and

1 2
= 3 (e (- ) )

=vitvi

M2 = 6 (QF, 5 + Q8 + 023)

a2 GVE” +&

= EVE 2 (g - i)
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Framework of the study =~ The UMSSM
Gauge bosons

@ Electroweak and U’(1) symmetry breaking :

SC L -
(Ha) = (Hu) = 73 (S)y = 7

@ Physical abelian gauge bosons : Z; and Z, from Z% = —sin @y B + cos 0y W3 and
Z'=B:

Zy = Z%cosaz + Z'sinay

Z, = —Z%sin oz + Z' cosoz

1 2
@ Physical gauge bosons masses : M%llz =5 <M§o + I\/l%/ F \/(Méo - I\/I%,) +4A4)

2 2
M2 g°+g V2 2

S0 = ve = vg + vs My = cos Oy Mzo
4 4
2 2 (A2 2 2 2 2 2
M7, =g (QHd vg + Qv + Qs Vs) small oz

J. Erler, P. Langacker, S. Munir and E.

Rojas, arXiv :0906.2435v3 [hep-ph]
/ 2 + 2
2 S1VE & ;o2 r2
A= > (QHd vg — Qp, Vu)
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Framework of the study =~ The UMSSM

Other modifications

1 CP odd Higgs A%, 5 CP even Higgs : HE, hy, hy and h3 :
—1
= Zh M%Pevenzh

Diagonalization of 3x3 matrix M%Peven : Mfzuyhz»hs
Singlet-like Higgs mass near Z» mass
with radiative corrections + pure UMSSM terms = good increase of my,

@ Higgs sector :
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Framework of the study =~ The UMSSM

Other modifications

@ Higgs sector : 1 CP odd Higgs A%, 5 CP even Higgs : HE, hy, hy and h3 :
Diagonalization of 3x3 matrix M%Peven : Mfzuyhz»hs = Zh_lM%PevenZh
Singlet-like Higgs mass near Z» mass
with radiative corrections + pure UMSSM terms = good increase of my,

@ Gauginos sector : 6 neutralinos in the basis (B, W3, Hg, H% S, B)
J. Kalinowski, S.F. King et J.P. Roberts, arXiv :0811.2204v2 [hep-ph]
@ Sparticles sector :

_03
2 (mgoft +m? + M;O cos2B(13 — ersin? Oy) + Af me(Ar — u(tg) 2 ) )

M2 = A
2’!’) m? +M20 cosQ,B(I—? —e’—,sin2 GW)+mr2'+A;

7 _
me(Ar — u(tg) ok >

where A = 1 QU(Q}, i + Qfy i + Q52)
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The case of U(1)y, model (6, = 7/2)  Relic density profil

The case of U(1),, model (6, = 7/2)

e The case of U(1), model (6g, = 7/2)
@ Relic density profil
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relevant WIMP interactions

Parameter space regions with Q.. h? ~ 0.1 = need to rise the annihilation cross section :
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relevant WIMP interactions

Parameter space regions with Q.. h? ~ 0.1 = need to rise the annihilation cross section :
@ WIMP mass near my, /2 :
UR w+
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relevant WIMP interactions

Parameter space regions with Q.. h? ~ 0.1 = need to rise the annihilation cross section :

@ WIMP mass near my, /2 : @ WIMP mass near Mz, /2 :
7 w+ 7 q
oy L
) Vs hy Vd 7 .
17 w-— 17 q
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The case of U(1)y, model (6, = 7/2)  Relic density profil
Relevant WIMP interactions

Parameter space regions with Q.. h? ~ 0.1 = need to rise the annihilation cross section :

@ WIMP mass near my, /2 : @ WIMP mass near Mz, /2 :
7 w+ 7 q
oy L
) Vs hy Vd 7 .
17 w-— 17 q
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The case of U(1)y, model (6g, = 7/2)

Relevant WIMP interactions

Relic density profil

Parameter space regions with Q.. h? ~ 0.1 = need to rise the annihilation cross section :

@ WIMP mass near Mz, /2 :

@ WIMP mass near my, /2 :

UR wt UR q
N \
D < \/\/\<
———
) Vg hy ) Ve 7 .
VE w-— VE q
@ WIMP mass near my, p, /2 :
VR q UR w+
N N
N < N <
r——- r——-
2 by _ 2 ha,hs
g q 174 w—
@ Coannihilation processes (mainly higgsino-like) :
+ _
X1 qd
>\W’+‘<
0
X3, qu
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, My =1 TeV, My = 2M;
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; = 1 TeV, My, = 2M;
@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : myp, = 130 GeV/140 GeV

102D —— 1=400GeV, t, = 10)
£ —— 1=650GeV,t, = 10)
1oL =650 GeV, t, =38
= L
a g
10
102
10,37\\‘\\\\‘\\\‘\\\‘\\\ L
100 200 00 400 500 00
1 2%Gev)
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; = 1 TeV, My, = 2M;
@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : myp, = 130 GeV/140 GeV

10°
10? —— 1=400GeV, t, = 10) Q h2 ~01:
—— 1=650GeV,t, = 10) WIMP Rl
M=GSOGeV,tﬂ=38
> near h; resonance
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; = 1 TeV, My, = 2M;
@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : myp, = 130 GeV/140 GeV

—— =400 GeV, t, = 10)
1= 650 GeV, t = 10)
=650 GeV, t, =38

Q h? ~0.1:

WIMP

> near h; resonance

4L

=] E
m_‘; 1 = 650 GeV and tan 8 = 10
w?% no efficient annihilation
0% 40200 " 200500 500

Jonathan Da Silva (LAPTH) RH sneutrino dark matter in the UMSSM GDR Terascale @ Lyon 12 / 24



The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; = 1 TeV, My, = 2M;
@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : myp, = 130 GeV/140 GeV

—— =400 GeV, t, = 10)
1= 650 GeV, t = 10)
=650 GeV, t, =38

Q h? ~0.1:

WIMP

> near h; resonance

4L
=] E
10_1; 1 = 650 GeV and tan 8 = 10
w?% no efficient annihilation
02y 00200 ‘I\i(‘m(‘Ge‘V)‘ 200500 500
2
_ &9 W7 2 A/ 2 A in237 / /
Boroph =~ =~ 5 |2V i Qh, +53Qh,) — vsin28Zmni(Qy, — Qh,)

~2veZyai(Qhy, + Qhy,)]
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; = 1 TeV, My, = 2M;
@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : myp, = 130 GeV/140 GeV

—— 1=400GeV, t, = 10)

h? ~0.1:

Q
—— =650GeV,t =10 WIMP

=650 GeV, t, =38

> near h; resonance

u = 650 GeV and tan 8 = 10

no efficient annihilation

L= —_— |:2VZh1i(C§QI/-ld + SE;Q,{-IH) — vsin 2/BZh2i(Q//-/d - Qil-l,_,)

~2veZyai(Qhy, + Qhy,)]

i = Q! Vo~ 2231 H N~k .
= since QHd = QHU' when i the coupling JrU/%hy drastically decrease
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; =1 TeV, M, = 2M;

@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : my, = 130 GeV/140 GeV

2 ~ .
10 =400 GeV, t =10 QWIMPh ~0.1:
—— u=650GeV,t =10)
=650 GeV, t =38 > near h1 resonance

,,,,,,,,,,,,, tanf3 =38 :
el we return to an efficient
E annihilation near h; resonance
T O S
100 200 400 500 600

I\i‘g (GeV)
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The case of U(1)y, model (6, = 7/2)  Relic density profil

Relic density

@ Relevant parameters : Mg, u, Ax, Mz,, tan 3, az
Soft terms at 1 TeV, M; =1 TeV, M, = 2M;

@ Exemple with Mz, = 900 GeV, Ay = 60 GeV, az = 103 rad : my, = 130 GeV/140 GeV

10°
2 ~ .
102> =400 GeV, t =10 QWIMPh ~0.1:
E —— 1=650GeV, t, =10)
10 1= 650 GeV, t =38 > near h1 resonance
s E
S o N 2 tanf3 =38 :
10" U
b we return to an efficient
E annihilation near h; resonance
7 T B
100 200 400 500 600

I\i‘g (GeV)

> near Zy/singlet-like Higgs resonance
> Coannihilation processes with NLSP higgsino-like can appear before Z, resonance
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The case of U(1),, model (0g, = 7/2)  Direct detection

Direct detection

e The case of U(1), model (6g, = 7/2)

@ Direct detection
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The case of U(1),, model (0g, = 7/2)  Direct detection

Direct detection cross section

@ Neutral CP-even Higgs and abelian gauge bosons contribution
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The case of U(1),, model (0g, = 7/2)  Direct detection

Direct detection cross section

@ Neutral CP-even Higgs and abelian gauge bosons contribution
@ Abelian gauge boson contribution to direct detection :

2
2,2, _ FPogn
pN

(g1 Q0)[(y (1 — 4spy) + ¥ )Z + (—y + 2Y')(A = 2)

™

’sin a7 cos 1 1 / sin2 cos?
with y —& Snaz cosaz (2_ 2 >7y,_g1Q/Vd oz | cota
4sin Oy Ms, M3 2 M3, M2,
Mg, mpy Iy , ,
HopN =77m— —— Q) = Qp — Q;
UR MﬂR + mpy v Q d
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The case of U(1),, model (0g, = 7/2)  Direct detection

Direct detection cross section

@ Neutral CP-even Higgs and abelian gauge bosons contribution
@ Abelian gauge boson contribution to direct detection :

orN

2
iy PN / /
o2 = DERN (1 QN2 [(y(1 — 452)) + ¥ )Z + (—y + 2y )(A— 2)

T
"sin a7 cos 1 1 / sin? cos?
with y =& nazcosaz (2_2>7y/_g10(/d zaz_’_#
4sin Oy MZz MZ1 2 MZ1 MZZ
Mg my 'd ’ /
HogN =7F5— Q) = Qp — Q
"R Mz + my v @ d

in U(1)y, model Q(/d =0

Sl
low values of OZeN

—— =400 GeV, 1, =10
—— w=650GeV,t =10

4= 650 GeV. t = 3

o (Pb)
'MM

h1 and Z; contribution “o:,o,m

U
sin? oz suppression of the gauge boson ot
part (dashed line : @z = 10~* rad) R

107 0 200 30
M, (GeV)
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Global scan Characteristics

Global scan

e Global scan

@ Characteristics
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Global scan

The set of parameters

Characteristics

Fixed parameters

Free parameters

’ Soft terms H Name ‘ Domain of variation ‘
mg, | 1TeV | my, | 1TeV m?, [-4 000, 4 000] TeV
mg | 1TeV | mg | 1TeV Mz, [M(6g), 2 000] GeV
mg | 1TeV | mp, | 27TeV o [100, 1 000] GeV

i€{1,2,3} je{1,2} Ax [0, 1 000] GeV
Trilinear couplings + Mg ts [2, 60]
Ar | 1TeV | Ay | 0 TeV oz [0, 3.1073] rad
Ac | 0TeV | As | 0 TeV Ok, [-7/2, w/2] rad
A, | 0TeV | Ag | 0TeV || M, M [100, 1 000] GeV
Al 0 TeV My 1eV My = 2M; et M3 = 6M;
Q' choice | Qy | Qu | Qp | @ | Qs | Qu
Mz, (GeV) | 892 | 878 | 904 | 789 | 821 | 861

CDF Collaboration, Phys. Rev. Lett. 102, 091805 (2009)

New limits from CMS Collaboration, arXiv :1103.0981v2 [hep-ex] not implemented yet
Jonathan Da Silva (LAPTH)
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Global scan Characteristics

Constraints on the scan

@ Relic density at 30 with Q. h? = 0.1123 4+ 0.0035
N. Jarosik et al, arXiv :1001.4744v1 [astro-ph.CO]

@ Higgs mass limit for doublet-like Higgs : mj, > 114.4 GeV
LEP Working Group for Higgs boson searches, Phys. Lett. B565(2003) 61

@ LEP constraints on sparticles masses implemented in the micrOMEGAs code
G. Bélanger, F. Boudjema, A. Pukhov et A. Semenov, arXiv :0803.2360v2 [hep-ph]

@ Spin independent direct detection cross section

10 T T ——— T — T,

) DAMAMNa

5

DAMAII

5

WIMP-Nucleon Cross Section [em?]
5 g

g

XENON100 (2011)

M| n n n
0° ¢ 560 20 30 40 50 100 200 300 400 1000

XENON100 Collaboration, arXiv :1104.2549v1 [astro-ph.CO]
CDMS Collaboration, arXiv :0912.3592v1 [astro-ph.CO]
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- (Gbbhalscan Resuts
Results

O Framework of the study
@ Context of dark matter candidates
@ The UMSSM

O The case of U(1),, model (g, = 7/2)
@ Relic density profil
@ Direct detection

e Global scan

@ Characteristics
@ Results

O Conclusion and perspectives



Global scan Results

New processes

Interesting WIMP mass‘ from 50 GeV to TeV-scale
As in the U(1),, model, constraints respected near :

@ h; resonance
@ 7, /singlet-like Higgs resonance
@ Coannihilation with NLSP neutralino
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Global scan Results

New processes

Interesting WIMP mass‘ from 50 GeV to TeV-scale
As in the U(1),, model, constraints respected near :

@ h; resonance
@ 7, /singlet-like Higgs resonance
@ Coannihilation with NLSP neutralino

1000 i;? 000 5%
900 % r %%1
E 22, 1800 ¢
00— 1% 85
s i
700 i 1600 %
) s | s
600 3‘33; o E [ %
& 4t C1ra00— ?%
=500- 18 @ & [ E
£ }@ = 5
awof ¥, 1200
: 3"3‘5‘ Fo&
3005 £ g0 L zgy
E % 1000— 3¢
200— ﬁh L
1 = S S T T T P 800t Ll e
b 0 100 200 300 400 5?&3\[)600 700 800 900 1000

0 200 300 400 500 600 700 800 900 1000
Mv"(o(gev)
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Global scan Results

New processes

Interesting WIMP mass‘ from 50 GeV to TeV-scale
As in the U(1),, model, constraints respected near :

@ h; resonance

@ 7, /singlet-like Higgs resonance

@ Coannihilation with NLSP neutralino
But also for :

@ Coannihilation with sfermions

@ Annihilation into W pairs through Higgs exchange arround M, = 100 GeV (0, < 0)

—— =400GeV, A =40 GeV

102 =
E ——— u=700GeV, A =40 GeV
10° =
£ =700 GeV, A, = 160 Gev
10 B | T | | |
0 100 200 30&& el 500 600 700
Jonathan Da Silva (LAPTH) RH sneutrino dark matter in the UMSSM

0g, = -0.427
= due to the increase of 8ogigh

GDR Terascale @ Lyon 21 /24



Global scan Results

Direct detection constraint

Small values of |0g,| very constrained, especially for 6, < 0 :

oL EXCLUSION

NEW EXCLUSION

9, 3’ad)
e

I [ P I "
1 2 4 7 1
00 00 300 00 MV“S%eV) 600 00 800 900 000
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Global scan Results

Direct detection constraint

Small values of |0g,| very constrained, especially for 6, < 0 :

oL EXCLUSION

NEW EXCLUSION

9, 3’ad)
e

I [ P I "
1 2 4 7 1
00 00 300 00 MV“S%eV) 600 00 800 900 000

= Lower is |0g,

, higher are Z processes, barring higher Mz,
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Conclusion and perspectives

Conclusion and perspectives

e Conclusion and perspectives
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Conclusion and perspectives

Conclusion and perspectives

@ RH sneutrino is a viable dark matter candidate

it respects experimental limits in the case of some processes :

> Resonance (h1, Z> and singlet-like Higgs)
» Coannihilation (higgsino-like neutralino, others sfermions)
> Annihilation into W pairs generally with exchange of h;

@ Direct detection experiments strongly constrain the model
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Conclusion and perspectives

Conclusion and perspectives

@ RH sneutrino is a viable dark matter candidate

it respects experimental limits in the case of some processes :

> Resonance (h1, Z> and singlet-like Higgs)
» Coannihilation (higgsino-like neutralino, others sfermions)
> Annihilation into W pairs generally with exchange of h;

@ Direct detection experiments strongly constrain the model

@ This model can be tested with other experimental results like indirect detection, flavour
physics, ...
@ Uptated with new Mz, limits coming from LHC
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@ RH sneutrino is a viable dark matter candidate

it respects experimental limits in the case of some processes :

> Resonance (h1, Z> and singlet-like Higgs)
» Coannihilation (higgsino-like neutralino, others sfermions)
> Annihilation into W pairs generally with exchange of h;

@ Direct detection experiments strongly constrain the model

@ This model can be tested with other experimental results like indirect detection, flavour
physics, ...

@ Uptated with new Mz, limits coming from LHC

Thanks for your attention !
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Chiral supermultiplets

|

Supermultiplets spin 0 spin 1/2 | SU(3)c, SU(2)., U(1)y, U'(1)
squarks, quarks Q (on gL) (up dr) 3. 2, %, Qé))
(3 families) o o5 iR (3.1,-2,Q)
d d; dr (313 Q)
sleptons, leptons | L (vL &) (v er) (1, 2, —%, Q)
(3 families) 1% v DR (1,1,0 Qf)
& e &R (1,1, % Q)
Higgs, higgsinos | H, | (HF H%) | (HF HO) (1.2 3 Q)
Hy | (HS Hy) (ﬁgf/;) (1.2 -3, Q)
S S S (1,1,0 Q)
Vector supermultiplets ‘
Supermultiplets spin 1/2 spin 1 SU@3)c, SU(2)., U(1)y, U'(1)
gluino, gluon g g (8,1,0,0)
winos, W bosons wE w3 | wE w3 (1,3,0,0)
bino, B boson B B (1,1,0,0)
bino’, B’ boson B’ B’ (1,1, 0,0)
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Some new lagrangian terms

@ Superpotential :

Wissm =UyuQHy — dygQHg — 8yeLHg + pHuHy
Wumssm =Wmssm (ke = 0) + ASHyHy + Dy, LH,

@ Soft supersymmetry breaking :
LgeM =— %(Maéé + MoWW + MiBB + c.c.)
— (E;{,auaHu — :fﬁadaHd — E;{,anHd +c.c.)
— éTméa —If mfz — Upm2lg — :!Emf—iaR — &ymer
— my, HiHy — my, HYHg — (bHyHg + c.c.)
LUMSSM _ £ MSSM(, _ q) _ (%m{s@ + McBB + DhauLH, + C.C.)
—DimiUg — (MASHuHg + c.c.) — m:S*S
LanHEP, A. Semenov, arXiv :0805.0555v1 [hep-ph]
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Higgs masses

AANV2 vsin23
2 N
myy = —/——v+A tan ¢ =
AT an2e Ea ¢ 2ve
AA\V2 A2 2 v
mf_,i:_#vsf—szrg—zszrAi tan,H:—u
sin2f3 2 2 vy
2
MCpeven
2 2y2
) (" +&3) 2 2 2, Matgys
= =_1=27 AP LA
(M%), [ T taE | () + — =+ An
2, 2\2
0 (&'" +&3) 2 rAr 12| 2 AAx Vs
R e - A
(M+)12 [ 7 Q81" | visgep z Thr
AAy Vs,
0 _ 2 YN 2 _ AVS3
(M+)13 = [3+ 0{ Qs ?] veavs VRt
2 2y2
0 (" +&3) 2 2 2 Mavs
M = | — +Q vs + + A
( +)22 [ 4 2781 | (vsg) 32 22
AAyve
0 _ 2 r A 12 _ Aves
(M2),, = [ + @ Q5e1%] vspve VR
Ay vZsgc
0 2 72 2 AV eBCB
M = —— 4+ A
( +)33 Qsevs + vs V2 + A

Vernon Barger, Paul Langacker, Hye-Sung Lee and Gabe Shaughnessy, arXiv :hep-ph/0603247v3
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Other scan characteristics

@ 2.10° points generated for light LSP (Mg, < 100 GeV), 0.01% of these points pass the
constraints

@ 2.10° points generated for heavy LSP (100 GeV < Mj, < 1 TeV), 0.5% of these points
pass the constraints

@ h; masses obtained : @ hy masses obtained :

@
&
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B
]
T

00
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WIMP interactions

Playing with u, Ay, Mz, and tan 8 : masses in the Higgs sector modified
= switch of the singlet-like Higgs can also affect relic density profil

‘ (&nw+w- ) = 82Mw Zhiiguv, with generally Zyp < Zpi3

-
Il

-
2

[

-
C
[

Doublet part of h‘
— Singlet partof h
10 .

— Doublet part of hz

5 i
10 Singlet part of h2
. Doublet part of h3

Singlet part of hJ

— Cross section with A, = 100 GeV (in pb)
Cross section with M, =1 TeV (in pb)

omposition of h, h, and h; and cross section

10° /\
ST T B A A VAR
400 450 500 550 600 650 700 50 800
i (in GeV)
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Direct detection constraint

Abelian gauge boson contribution to direct detection :

2
Ky A / ’
oo =2 (g QYL —4shy) +¥)Z + (~y +2Y)(A - 2P

VR
. g'sinazcosaz 1 1 , gl 4 (sinfaz  cos?az
Wlthy—<— y=-22Q 4+ = <
: 2 2 | v 2 2
4sin Oy M22 le 2 I\/IZ1 MZ2
10° E
107 ;*
g G — N\ My =22 TeV, Ay =1 TeV,
108 u = Mgy, + 300 GeV
’.g‘_ E and Ml’jR = MZZ/Z
“210°
% = stringent constraints for
107 small |0, | because of Q(/d
C term
10™M ?
S I R B R Ll
10745 A 05 05

L
(-)EG 8ad)
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Coannihilation with sfermions

Sparticles sector :

2 2 2 3 .2 —213
M2 = (msoft + m¢ + M3 cos 2B(17 — ersin® Oy ) + Af me(Ar — p(tg) ™ “f) )
Fo —213 )
me(Ar — u(tg) ~'F) m?s + M2 cos2B(1 — e7sin? Oy) + m? + A

where A = %gsz;/f(Ql,-idde + Q;_,u v2+ ngf)

320000:
15000
] E - Baue R
£ 10000 : . AL,H = in this graph A terms =
& vl A A sgn(Ar)/[Ar]
5 - ) N
§ 0F \ Coannihilations :
] F 0 0 : generally f;
2 50007 E>0:8 yt
£ E \ 0, < 0 : generally RH down
£-10000 : sqarks
E
Z-15000]-
[72] | 3
§_20000:15‘“‘_1”.‘_0\5‘”‘\””05””1‘”‘15
. . esﬁad) . .
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