
Axions in SUSY, 
and what we have/will we 
learn from accelerators

Howard Baer
University of Oklahoma

A view from the theory/experiment interface

1Monday, April 23, 2012



Some ideas are so profound it is 
hard to believe they don’t play a role 

in nature

see-saw neutrinos

weak scale SUSY

Peccei-Quinn-Weinberg-Wilczek-Kim (nearly) 
invisible axion

inflationary cosmology

string theory

SO(10) ⊃ SU(5) ⊃ SU(3)C × SU(2)L × U(1)Y
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First, in honor of LHC turn-on, an 
update on SUSY searches at LHC

Atlas/CMS: no sign of mSUGRA at LHC7:

mg̃ > 1400 GeV for mq̃ � mg̃; mg̃ > 800 GeV for mq̃ � mg̃
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Lots and lots of other searches
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Higgs mass in SUSY

HB, Barger, Mustafayev

Carena, Gori, Shah, Wagner

Prefer mt1>1 
TeV and large 

mixing

6Monday, April 23, 2012



Some implications if mh � 125 GeV

minimal GMSB, AMSB highly stressed:
go to more general models
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No sign of SUSY at LHC so far: 
should we be alarmed?

To large extent, these results have been 
anticipated by many theorists

Well-known result: gravity mediation suffers 
from SUSY flavor/CP problems- in fact, these 
were motivation to create GMSB/AMSB 
alternatives

In gravity mediation,                           ; 
if                                           then 
gravitinos overproduced; BBN constraints

one solution solves all: decoupling

m(sparticle) � m3/2

1st/2nd generation scalars~10-50 TeV

Dine, Kagan, Samuel;
Cohen, Kaplan, Nelson

m3/2 < 5 TeV and TR > 104 GeV
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But what of fine-tuning: 
SUSY and EW scale link?

Minimization of SUSY scalar potential:

All terms on RHS ∼ M2
Z

Then:
Natural 
SUSY!
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Natural SUSY at colliders

1st/2nd gen. squarks: far beyond LHC reach

likely gluino also beyond LHC reach

3rd generation squarks: maybe within LHC reach

lightest EWinos higgsino-like:                                             
small mass gap-> soft decay products

ILC would likely be higgsino factory!

                   ; low by factor of ~16

µ ∼ 100− 300 GeV

Ωstd
χ h2 ∼ 0.007

see e.g. HB, Barger, Huang, Tata, arXiv:1203.5539
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What about SUSY dark matter? 
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Neutralino DM in mSUGRA

Green regions with                   highly fine-tunedΩstd
χ h2 < 0.12
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More general SUSY scan

Measured DM
density lies at 
most unlikely 
value of SUSY 
predictions!
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Why thermally-produced neutralino-
only DM is not the answer

(in spite of the hype):

Generates too much or too little DM; only 
rarely is                   : fine-tuned!

gravitino problem and BBN constraints

neglects the strong CP problem and its 
solution

Ωstd
χ h2 ∼ 0.11
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Mixed higgsino-axion CDM 
in natural SUSY

fa ∼ 1014 GeV allowed!

TR ∼ 105 − 1012 GeV allowed!

allows leptogenesis

HB, Lessa, Weis
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What if axino=LSP?

Opportunity to greatly lower DM abundance 
in models with gross overabundance of 
thermally produced neutralinos

But m(axino) required usually very small; 
conflict with expectations from SUGRA 
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HB, Box, Summy
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If we allow extreme entropy injection
from very large saxion field strength, then

most or all axino masses allowed:
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Can even push PQ scale up to m
(GUT) while avoiding BBN bounds:
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What will we learn from 
accelerators?

LHC8 with ~15fb-1: Does the Higgs exist? Is 
its mass really ~125 GeV? This value lies in 
midst of narrow range predicted by MSSM.  
m(higgs)~125 in MSSM prefers m_t1>1 TeV 
and large mixing (A_t); there are additional 
contributions to mh in models such as 
NMSSM 

No Higgs signal at LHC effectively excludes 
SUSY unless baroque hiding mechanism...
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Is there any sign of SUSY? Some of the 
recent models (Natural SUSY, Kallosh-Linde, 
G2MSSM,...) can easily evade detection at 
LHC

These same models tend to be accessible to 
a linear e+e- collider, due to spectrum of 
light higgsinos or possibly light winos:        
Is the LHC the right machine for SUSY 
discovery or would ILC/CLIC do better?
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If SUSY is there, what type of SUSY? Is R-parity conserved? If 
not, then maybe axion=100% of CDM. If so, then get mixed axion-
LSP CDM. Which is LSP? 

Neutralino, axino, gravitino, others...

Axino=LSP, stau=NLSP: see F. Steffen talk

Axino=LSP, neutralino=bino as NLSP then can diminish DM density 
but usually need  m(axino)~MeV and low TR<10^5 GeV else 
overproduce DM; highest allowed TR values favor axion domination 
of CDM; such light axinos seem disfavored by SUGRA calculations
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Neutralino=LSP: get mixed axion-neutralino 
CDM; usually neutralino abundance is 
enhanced by thermal axino production and 
decay, so this tends to favor SUSY models 
which give rise to a standard thermal 
neutralino underabundance (e.g. 
neutralino=higgsino or wino)

Can also diminish by entropy dilution from 
saxion production and decay, but must avoid 
BBN constraints: prefer high m(saxion), high 
s_i (saxion field strength) compared to f_a
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If SUSY is there, and so is axion, then much 
larger values of f_a are natural, and 
consequently the axion may exist in the 
10^-6-10^-9 eV range, well below that which 
is currently being explored. The axion only 
makes up a portion of DM abundance, which 
may be axion or LSP dominated (unless RPV)
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Wish list to experimentalists from theorists:

1. axion detectors that can probe much larger f_a 
all the way up to M_GUT; then if mixed axion-LSP 

DM, axions may only constitute a portion

2. OWL-type space-based satellite which could 
detect gamma ray depositions in atmosphere of tens 

of GeV energy coming from           
originating from sparticle cascade decays when LHC 

is on; when LHC is turned off, signal vanishes.

Z̃1 → γã
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