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Dark Matter and Supersymmetry

@ The present day dark matter relic density is measured to be
QCDMh2 = 0‘105418:8(1)6

@ Many models of physics beyond the SM predict a new, stable
dark matter candidate

o If this particle would have been in thermal and chemical
equilibrium with SM matter in the past then the present day
relic density of dark matter in the model can be calculated

@ Supersymmetric models generally need to obey some kind of
matter parity in order to suppress FCNCs and prevent proton
decay

@ This parity makes the lightest supersymmetric particle (LSP)
stable, making it a potential dark matter (DM) candidate
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Motivations for the ESSM

@ The ESSM is a string theory inspired model where the GUT
group Eg is broken below a high energy scale

@ The model has automatic anomaly cancellation

@ A see-saw mechanism explains light neutrino masses

@ Being a supersymmetric model, softly broken at the TeV
scale, this model does not suffer from the hierarchy problem

@ It also, as in the MSSM, leads to unification of running gauge
coupling constants at some GUT scale

@ The MSSM suffers from the p problem - The dimensionful,
supersymmetry preserving parameter p should be around the
weak scale to allow correct EWSB

@ In the ESSM, like other singlet extended models, the u term is
generated radiatively when a SM-singlet acquires a VEV,
naturally related to the soft breaking scale
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The ESSM

@ Fj is broken below a high energy scale

Es — SO(10) x U(1)y — SU(5) x U(1)y x U(1),
Es — SU(3)x SU2) x U()y x U(1)x

@ Anomaly cancellation ensured by three complete 27
representations of Eg (three generations)

27 — (10,1) + (5,2)
+(5,=3) + (5,-2)
+(1,5) +(1,0)

W = NjiSiHgiHup + KijeSiD;Dy + ---

= As33(S) = As/V2
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The ESS M continued

@ A generalised version of matter parity is imposed, but which
allows exotics to decay

@ There are two options under which exotics are interpreted as
either di-quarks or lepto-quarks

@ However, an approximate symmetry Z4 is also imposed in
order to prevent FCNCs

@ Under ZI only S3, Hy3 and Hjz are even

@ The first and second generations of Higgs doublets and
singlets then have suppressed couplings to ordinary matter

@ This then explains why the first and second generations are
inert
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The ESSM Neutralinos and Charginos

@ In the USSM neutralino interaction basis X0, =
(B W3 HY HY|S B)T

) ) n _
the USSM neutralino mass matrix M{}qqn; =

My 0 —mgzswcg mzswsg 0 0
0 Mo mzcwcg — —MzCwSg 0 0
—MmzSwes  MzCwCp 0 —H —pssp  GrucsQy
mzswss  —MzCwsp —p 0 —pscs givspQu
0 0 —HsSp —HsCB 0 915QY
0 0 givesQY  givspQu | g1sQY My
where
° lig = )\v/ﬂ,

o (Hy) = vcos(f)/v/2 and
o (H,) =wvsin(B)/v2
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The ESSM Neutralinos and Charginos continued

@ In the ESSM neutralino interaction basis X0 . =

(B WP Y AY|§ B| A%, A% S|y Y )T
the ESSM neutralino mass matrix M" =
Mssm B2 Bi
B}  As Ay
Bl A3 An
where
0 Aags fgavsin(ﬁ)
Anp = —% Aga$ 0 fgav cos(f3)
fagvsin(B) fgﬁvcos(ﬂ) 0
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The ESSM Neutralinos and Charginos continued

@ In the ESSM chargino interaction basis )Zijflt =

(W+ Hf HYH Hi|W- Hy Hy Hy )"

the ESSM chargino mass matrix M¢ =

(¢ )

where
My V2myy sin(3) 0 0
V2myy cos(3 7 L pds  Lads
52 V2 1
¢= 0 s —=A =Y
ﬁ,,Qe /2 29S8 /2 218
0 %xi‘s %)\125 %)\115
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The Inert Neutralino LSP parametrisation

@ The relevant physics for predicting dark matter can be seen
with the following parametrisation

N=Xp=Au f=fh=/[h=rfh=m
varying X', f and tan(f)

@ The A matrices become

1 0 N's fosin(B)
A = An=——+ N's 0 focos(B)

V2 fusin(B)  fvcos(B) 0
Axp = €A
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The Inert Neutralino LSP neutralino spectrum

@ s =3000 GeV, tan(3) = 1.5, f=1,e=0.1
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The Inert Neutralino LSP chargino spectrum

@ s =3000 GeV, tan(3) = 1.5, f=1,e=0.1
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The Inert Neutralino LSP Lsp composition

@ The most important annihilation channels are

X el
Z ) Hl

X 0

@ s =3000 GeV, tan(3) = 1.5, f=1,e=0.1

104

R b N T (N
RMS of HS, and HY, amplitudes in LSP /(N7)? + (NJ0)?

0 T T T
0.05 01 0.2
N
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Dark Matter Predictions (using MicromMeGas)

® s=23000GeV, f=1e=0.1

60 GeV 50 GeV Mmz/2 40 GeV

me, /2

0, < Qchw

2.0+

tan(3)

mw (~ 80 GeV)

mz (~9L.GeV)

T
0.05
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Conclusions and Future Work

@ The observed dark matter relic density can be accounted for
in this model

@ The only hard limit on the USSM parameter space from dark
matter considerations is that tan(/3) should be less than about
2, in fact the lightest USSM-like supersymmetric particle
could even be a sfermion, not a neutralino

@ The fact that this particular model has two of the
approximately decoupled inert generations is not necessary for
explaining dark matter

@ Current and future work
@ Limits from requiring consistent Yukawa running to the GUT
scale
o Limits from precision Z measurements
o Constrained version of the model
& Phenomenological scenarios
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