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The PQMSSM

◮ Supersymmetric version:

• Effective Theory (≪ fa): a → A =
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• mã ≃ m2
soft/fa − msoft (keV − TeV)

• 1/fa → axion/axino couplings to MSSM, axion mass

• We assume: mã ∼ msoft > meZ1
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PQMSSM = MSSM + axion, axino (+saxion)

• ma ≃ 6 µeV(1012 GeV/fa)

• mã ≃ m2
soft/fa − msoft (keV − TeV)

• 1/fa → axion/axino couplings to MSSM, axion mass

• We assume: mã ∼ msoft > meZ1
and eZ1 LSP

⇒ ã → g̃ + g → ... → eZ1 + visible

• τã ∼ 10−4 − 102s (mã ∼ 1 − 0.1 TeV, fa = 1012 GeV)

Andre Lessa University of Oklahoma

Axion/Neutralino DM in the PQMSSM



Motivation The PQMSSM Cosmological Constraints PQMSSM Cosmology Conclusions

Cosmological Constraints

◮ DM: Ωah2 + ΩeZ1
h2 = 0.1123

Ωah2 ≃ 0.23 θ2
i

“
fa

1012 GeV

”7/6
, ΩeZ1

h2 = Ωfr
eZ1

h2 + Ωã
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◮ BBN (axino decays): (Jedamzik, PRD74 103509, 2006)
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TeV

´ “
TR

104 GeV

” “
1012 GeV

fa

”2

g

q

ã
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Can reconcile DM constraints with models with large 〈σv〉!
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◮ Total DM relic density: ΩDMh2 = Ωah2 + ΩeZ1
h2
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◮ Ωah2 gets diluted by ∼ 20

◮ ΩeZ1
h2 is not affected
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◮ DM Relic Density versus PQ parameters
(mã = 1 TeV, fa = 1012 GeV, TR = 1010 GeV)
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◮ DM Relic Density versus PQ parameters
(mã = 1 TeV, fa = 1012 GeV, TR = 1010 GeV)
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(mã = 1 TeV, fa = 1012 GeV, TR = 1010 GeV)

 (GeV)a~m
310 410 510

 2
 h

Ω

-510

-410

-310

-210

-110

1

10

210

310

2 hDMΩ

fr = TDT

BBN excluded
2 h

1Z~
Ω

2 haΩ
2 htotΩ

 = 0.498iθSUGRA1, 

 (GeV)
a

f
910 1010 1110 1210 1310 1410

 2
 h

Ω

-510

-410

-310

-210

-110

1

10

210

310

2 hDMΩ

fr = TDT

BBN excluded
2 h

1Z~
Ω

2 haΩ
2 htotΩ

 = 0.498iθSUGRA1, 

 (GeV)RT
510 610 710 810 910 1010 1110 1210

 2
 h

Ω

-510

-410

-310

-210

-110

1

10

210

310

2 hDMΩ

D = TeT

BBN excluded
2 h

1Z~
Ω

2 haΩ
2 htotΩ

 = 0.498iθSUGRA1, 

Andre Lessa University of Oklahoma

Axion/Neutralino DM in the PQMSSM



Motivation The PQMSSM Cosmological Constraints PQMSSM Cosmology Conclusions

◮ DM Relic Density versus PQ parameters
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Implications for Collider/Dark Matter Experiments

◮ SUSY spectrum consistent with ΩMSSM
eZ1

h2 < 0.11 (wino/higgsino eZ1)

◮ If TD > Tfr : decoupled axino, ΩeZ1
h2 = ΩMSSM

eZ1
h2

• ΩMSSM
eZ1

h2 ≪ 0.11 ⇒ ΩDMh2 ≃ Ωah2 ⇒ No WIMP signal, Axion signal

• ΩMSSM
eZ1

h2 ≃ 0.11 ⇒ ΩDMh2 ≃ ΩeZ1
h2 ⇒ WIMP-like scenario

• ΩeZ1
h2 ≃ Ωah2 ⇒ both WIMP and Axion signals!

◮ If TD < Tfr : enhanced neutralino/diluted axion (depending on TR)

• ΩMSSM
eZ1

h2 ≪ ΩeZ1
h2 ≃ ΩDMh2 ⇒ WIMP signal, (possible) large ID signal
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◮ If mã ≫few TeV and/or fa . 1010 GeV ⇒ axino decouples
→ MSSM + axion scenario
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Summary

◮ The heavy axino scenario...
• Does not increase the DM allowed region of the MSSM

• However it allows for pure wino/higgsino DM
(conciliates DM with ID signals)

◮ If mã ≫few TeV and/or fa . 1010 GeV ⇒ axino decouples
→ MSSM + axion scenario

◮ If mã .few TeV and/or fa ≫ 1010 GeV ⇒ enhanced neutralino

• Furthermore, if TR ≫ 106 GeV ⇒ early axino dominated universe
→ axions are diluted
→ ”pure” neutralino DM scenario with large 〈σv〉
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Disclaimer

◮ We have ignored the saxion field, which may...
• also dominate the energy density of the universe
• dilute axions and neutralinos
• inject hot axions

◮ Work in progress!

Andre Lessa University of Oklahoma

Axion/Neutralino DM in the PQMSSM


	Motivation
	The PQMSSM
	Cosmological Constraints
	PQMSSM Cosmology
	Conclusions

