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The PQMSSM

The PQMSSM

» Supersymmetric version:

e Effective Theory (< fa):a — A = (5%, é)

(PQMSSM = MSSM + axion, axino)

ma ~ 6 pueV(10™ GeV/f,)

e Mz~ M2y /fa — Mo (keV — TeV)

e 1/fa — axion/axino couplings to MSSM, axion mass

e We assume: myz ~ Mgo > ms, and Zl LSP
=8—-§+g—..— Z +visible

o 75~ 107% - 10%S (ms ~ 1 — 0.1 TeV, f, = 10%? GeV)
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PQMSSM Cosmology

» Parameters:

+MSSM model (m;, , Q3°"h?)

» Thermal History:
2
e T ~ Tg: axino thermal production — Q5 ~ 2 x 10° (%) ( Tr ) (M)

TeV/ \ 10% GeV fa

10-4 cev=2 "z

o T =Ty ~ mzl/ZO: neutralino freeze-out — Qil ~ e — L

7/6
o T =Ta~ 1GeV: axion oscillates — Qah? ~ 0.23 ¢? (m>

e T = Tp: axino decays (Tp ~ 0.1 GeV(TeV)3/2 (M))

fa
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Neutralino Relic Abundance

> If Tp > Tg:

e T = Tp: Zy’s from & decays thermalize
o T = Tg: Zy's decouple

m-
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Q5 h? = QYSSMp?
Z,'V T3 X GnT,
1 21 fr
MSUGRA (m) = 4525, m, = 275) GeV, [ = 102GeV, T, = 10 Gev
R
m'—’"ﬁ,\\ T — - p,(m =50Tev)
s 0, (n=50TeV
~
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-
a ~o
=3 I ~
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o T
Log(GeVIT)
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Neutralino Relic Abundance

> IfTD>Tfr: > IfTD<Tfr:

e T = Tp: Zy’s from & decays thermalize
o T = Tg: Zy's decouple
mil

M2 _ OMSSMp2
Qzlh _921 h* T

mSUGRA (n) = 4525, = 275) GeV, { = 10 GeV, T, = 16 GeV
JE—

— - p,(m =50TeV)

b, (m =50 TeV)

MSSM

Log(p)
/

10 T -

20

o T
Log(GeVIT)

Axion/Neutralino DM in the PQMSSM



PQMSSM Cosmology

Neutralino Relic Abundance

> If Tp < Tg:

> If Tp > Tg:
e T = Tg: Zy's decouple

e T = Tp: Zy’s from & decays thermalize
o T = Tg: Zy's decouple
mil

M2 _ OMSSMp2
Qzlh _921 h* T

mSUGRA (n) = 4525, = 275) GeV, { = 10 GeV, T, = 16 GeV
JE—

— - p,(m =50TeV)

b, (m =50 TeV)

MSSM

Log(p)
/

10 T -

20

o T
Log(GeVIT)

Axion/Neutralino DM in the PQMSSM



PQMSSM Cosmology

Neutralino Relic Abundance

> IfTD>Tfr: > IfTD<Tfr:
e T = Tp: Zy’s from & decays thermalize e T = Tg: Zy's decouple

o T = Tg: Zy's decouple e T = Tp: Zy's from & decays re-annihilate

m-
21

Q5 h? = QYSSMp?
Z,'V T3 X GnT,
1 21 fr
MSUGRA (m) = 4525, m, = 275) GeV, [ = 102GeV, T, = 10 Gev
R
m'—’"ﬁ,\\ T — - p,(m =50Tev)
s 0, (n=50TeV
~
o ~o MSSM
-
a ~o
=3 I ~
g \ S~

20

o T
Log(GeVIT)

Axion/Neutralino DM in the PQMSSM



MSSM Cosmology

Neutralino Relic Abundance

> If Tp < Tg:

> If Tp > Tg:
e T = Tg: Zy's decouple

e T = Tp: Zy’s from & decays thermalize

o T = Tg: Zy's decouple e T = Tp: Zy's from & decays re-annihilate

m5 m=
2 QMSSM h2 Zy 2 Z
Qs h® = QY X =i Qs h* o0 =
Zy Z; (ov) Ty Zy (ov)Tp
(if re-annihilation is efficient)
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Neutralino Relic Abundance

> IfTD>Tfr: > IfTD<Tfr:
e T = Tp: Zy’s from & decays thermalize e T = Tg: Zy's decouple

o T = Tg: Zy's decouple e T = Tp: Zy's from & decays re-annihilate

ms m=
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7 7 X vy Qzlh X oviTo
(if re-annihilation is efficient)

MSUGRA () = 4625, = 275) GeV, = 107 Ge. T, = 10 Gev MSUGRA (1) = 4625, = 275) GeV, { = 107 GeV, T, = 10 Gev ~
Y —— P
. =17ev
10 T T — -0, =50TeV) Pe(mg=1TeV)
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Can reconcile DM constraints with models with large (ov)!
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» Total DM relic density: Qouh? = Qah? + Q; h?
» So far...
o mg fa(To) — Q5 h?
o 0, fa — Qah?
» Does the re-heat temperature (Tr) play any role?

MSUGRA (my = 4525, m, = 275) GeV, { = 102 GeV, m = 1 TeV MSUGRA (m) = 4525, m,, = 275) GeV, { = 107 GeV, m = 1 TeV
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T To X K
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10— >~ l l — P 100N
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» Total DM relic density: Qouh? = Qah? + Q; h?
» So far...
o mg fa(To) — Q5 h?
o 0, fa — Qah?
» Does the re-heat temperature (Tr) play any role?

MSUGRA (my = 4525, m, = 275) GeV, { = 102 GeV, m = 1 TeV MSUGRA (m) = 4525, m,, = 275) GeV, { = 107 GeV, m = 1 TeV
——p,
L T, T IS L
N N
~
10— >~ l l — P 100N
~_
~_ 2,
g o S~ 2 o
g =~ g
S+ ~— - 3+
~<
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L | L I L I
4 8 9

Loge(R/RW) !
> Q,h? gets diluted by ~ 20
> Qzlh2 is not affected
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» DM Relic Density versus PQ parameters
(mz = 1 TeV, f, = 10*? GeV, Tg = 10*° GeV)
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» DM Relic Density versus PQ parameters
(mz = 1 TeV, f, = 10*? GeV, Tg = 10*° GeV)
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» DM Relic Density versus PQ parameters
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» DM Relic Density versus PQ parameters
(mz = 1 TeV, f, = 10*? GeV, Tg = 10*° GeV)
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Conclusions

Implications for Collider/Dark Matter Experiments

> SUSY spectrum consistent with Q¥5"h? < 0.11 (wino/higgsino Z:)
» If To > Ty: decoupled axino, Q5 h? = QYSSMp2
1 7
. Q"Z"lss"" h? <« 0.11 = Qpwh? ~ Qah? = No WIMP signal, Axion signal
o QF"h? ~ 0.11 = Qowh® ~ Q; h® = WIMP-like scenario

o Q; h? > Q;h? = both WIMP and Axion signals!

» If To < T¢: enhanced neutralino/diluted axion (depending on Tg)

. Q%"lss"" h? < Q; h? ~ Qpuh? = WIMP signal, (possible) large ID signal
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Conclusions

Summary

» The heavy axino scenario...
e Does not increase the DM allowed region of the MSSM

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

» If my >few TeV and/or f, < 10'° GeV = axino decouples

~

— MSSM + axion scenario
» If mz <few TeV and/or f, >> 10'° GeV = enhanced neutralino

e Furthermore, if Tr > 10° GeV = early axino dominated universe
— axions are diluted
— "pure” neutralino DM scenario with large (ov)

Axion/Neutralino DM in the PQMSSM



Disclaimer

» We have ignored the saxion field, which may...

Axion/Neutralino DM in the PQMSSM



Disclaimer

» We have ignored the saxion field, which may...
e also dominate the energy density of the universe

Axion/Neutralino DM in the PQMSSM



Disclaimer

» We have ignored the saxion field, which may...

e also dominate the energy density of the universe
e dilute axions and neutralinos

Axion/Neutralino DM in the PQMSSM



Disclaimer

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

Axion/Neutralino DM in the PQMSSM



Conclusions

Disclaimer

» We have ignored the saxion field, which may...

e also dominate the energy density of the universe
e dilute axions and neutralinos
e inject hot axions

» Work in progress!
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