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Spin 0,1 /2, 3/2 are all extensively studied.

______




Spin 0, 1 /2, 3/2 are all extensively studied.

______

Spin 1 (vector boson)



Non-Abelian Gauge Group

Thomas Hambye and Tytgat, PLB683; T. Hambye, JHEP
0901;Bhattacharya, Diaz-Cruz, Ma and Wegman, Phys Rev
D85

New: SU(2)



Extra Large Dimension
The little Higgs model

Linear Sigma model

Vector Higgs-portal dark matter and invisible Higgs



YF. And Rezael Akbarieh
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Gauge group:  517(3) x STU(2) x U(L)y x U(l)y

h

Gauge Vector:

Scalar(s) to break the new gauge symmetry: ¢



Dark matter
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Minimal model

Vector Higgs-portal dark matter and invisible Higgs

Integrating out the scalars
Briefly mentioned in
T. Hambye, JHEP 0901

Extended model



Minimal version of the Model

O

L=D,dD'd— V(0. H).

V= =g | 9" — i |H[* + X" + A H|" + Apro| @ | H|?
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Minimal version of the Model
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Spontaneous symmetry breaking
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Two regimes




The annihilation diagram




The annihilation diagram
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Second regime




The produced scalar decays to the SM particles.

With the same branching ratios as SM Higgs with the
same mass

2my, < mg, < 2myy

If it decays b-bbar, ....



The scalar decays with branching ratios of the Higgs.

To avoid the Antimatter bound (PAMELA):

1) 2my < mg < my;

2) Mg, < 2m,



Examples

2myy < mg, < my

Point I :my = 250 GeV, my,, =200 GeV, o' = 1023 GeV, A\, = 0.13, gy = 0.24

Point IT :my = 8 GeV, my, = 1.5 GeV, o' = 187 GeV, A, = 0.005 gy = 0.042

Point I :my = 10 GeV, my, = 1.5 GeV, o' =210 GeV, Ay = 0.005 gy = 0.047




Extended Model




U(1) transformation
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A Z2 symmetry
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ZSY 61 — ¢y, by — —dpand V, — =V,

O'D = Bl d) + dyo
Pl oy P = Gf’% - ‘?5%

O'o1d = dhdy + Do .




V(O H) = —pzH'H + Ay (HTH)? — 12 @T0 + A\ (DT D)°

Ao HTHOI® + ¢ (Dfo D)2

+E(DTD) (DT 0y ®) — 1 2D 03D + N (DT o3 ®)2 + N, HTH (DT 03®) + h.c]

1
£ = L5+ (D,®) (D'®) — V(®, H) = 1V, V™
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Symmetry of the model

O




Stability of Potential

O

V(O H) = —pzH'H + Ay (HTH)? — 12 @T0 + A\ (DT D)°

Ao HTHOI® + ¢ (Dfo D)2

+E(DTD) (DT 0y ®) — 1 2D 03D + N (DT o3 ®)2 + N, HTH (DT 03®) + h.c]

)\3/\H3AH¢';€ >0 AN+2)\ > 2|£|, and )\Hqg, = 2|XH¢|
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The mass of the gauge boson
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The mode perpendicular to the Goldstone boson
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Gauge Interactions of

2
V(G2 + 62 + 0) + 20w + b))+

gy V" [—sin /B(@raﬁ@! — ¢ ;u‘;b'r) + COoS ﬂ(ﬁbiaﬂ@f - qb’aﬂqbi)]




No Goldstone boson



Dark matter candidate
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DARK MATTER




Different phases

v =10, v, v, £ 0;

v =wv, =0 and v; # 0;

v =v; =0 and v, # 0;




Equivalence of phases Il and I
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(y’za AH: A: Ef: X& AH(;B; ”’2: Xiqu, 5) — (Mﬁa AH: A& E!: X': AHG’J: _H’Q: _Xqu: _6)




v =0, v, v, #£0:

g1, a2, a13, a3 < 1

Mgy = TNy




v =0, v, v, #£0:




Phase ||

v = v, =0 and v; # 0;

In this case only ¢; mixes with h.

CP will be preserved.




Another Z2




Interesting scenario
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o(V +V — anything) = 1 pb

o(0y + 61 — h™ — final) > 1 pb.
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Interesting scenario
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o(V +V — anything) = 1 pb
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Interesting scenario




Direct detection and production at collider
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Phase Il of extended model: annihilation of lighter

DM component 0T > Lower bound on

/\][ {;')



Direct detection and production at collider

AH A4

Phase Il of extended model: annihilation of lighter
DM component g 5 ) o + 2Ny ~ 0.1

_________________

No such bound on minimal model or phase | of
extended



Lower bound from thermalisation

O

ms )1/ 2
100 GeV

Max[Apg. Ny 2 107 (




If the new scalars have masses below 125/2 GeV
Invisible Higgs decay

New SM Higgs-like scalars with production suppressed
by |)\Hr_-"')|2



If the new scalars have masses below 126/2 GeV
Invisible Higgs decay

Phase 1l with_p3S< 63 GeV

New SM Higgs-like scalars with production suppressed
by |)\Hr_-"')|2

Mg, > 2y



Direct detection
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e Phase I with m; < my and ms, < 2m,,




Model based on

Vector gauge boson as DM
Minimal and extended version

Extended version: spontaneous CP
violation/multiple DM candidate

SM-like Higgs with suppressed production rate
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Vector WIMP miracle




Extermum:

0*V

Minimum: Eigenvalues

dvs, dvs-




Conditions for Phase

AN =)+ 20 (A — 2N = 20)
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Conditions for Phase |1

O

=207 >0, A4+ = 2N )+ 2uP(E+ = A) > 0

PP —AN) F 202 (E+2N = )\) > 0.







Given set of couplings and mass parameters
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