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Abstract: <span>The

phenomenological Minimal Supersymmetric Standard Model (pMSSM) provides a broad
perspective on supersymmetric phenomenology. We have generated two large sets

of pMSSM models with neutralino and gravitino LSPs, with sparticle masses

extending up to 4 TeV. In this talk, | will discuss the implications of

searches for supersymmetry and the Higgs, with particular attention to

naturalness. In particular, we find that while sparticle spectra with

moderately light stops are still allowed, such stops are difficult to find

experimentally because of a wide array of possible cascade decays.</span>
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How well Is SUSY being limited?
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How well Is SUSY being limited?

» Simplified models
use more search-
relevant parameters
like new particle 3
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Another approach

* |[nstead: can scan over MSSM parameter
space, searching for spectra that are

consistent with existing experimental bounds
(Berger et al., 0812.0980)

» Large number of parameters; sacrifice full
coverage for more generality

» Results are not to be interpreted as hard limits
on parameters, but examples of wide array of
available MSSM phenomenology

irsa: 12100052 Page 5/68



Another approach

* |[nstead: can scan over MSSM parameter
space, searching for spectra that are

consistent with existing experimental bounds
(Berger et al., 0812.0980)

» Large number of parameters; sacrifice full
coverage for more generality

» Results are not to be interpreted as hard limits
on parameters, but examples of wide array of
available MSSM phenomenology

irsa: 12100052 Page 6/68



Another approach

* |[nstead: can scan over MSSM parameter
space, searching for spectra that are

consistent with existing experimental bounds
(Berger et al., 0812.0980)

» Large number of parameters; sacrifice full
coverage for more generality

» Results are not to be interpreted as hard limits
on parameters, but examples of wide array of
available MSSM phenomenology

irsa: 12100052 Page 7/68



irsa: 12100052

The phenomenological MSSM

The full MSSM has 105 new free parameters,
many of which are very strongly constrained
by flavor data

Minimal flavor violation decreases scan
dimensionality without losing much generality

Take sparticle mass matrices to be flavor
diagonal, with first two generations degenerate

No new sources of CP violation
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The phenomenological MSSM

» Together, these assumptions leave us with the
19 free parameters of the phenomenological
MSSM

3 Hy tan ﬁ’ MA’ q1,3’ u1,3’ d1,3’ 11,3’ e1,3’

. Can also add gravitino, with mass m_,_

» Generate random points in this parameter
space, and test vs. experimental constraints

 Investigate properties of resulting models
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Parameter scan ranges

50GeV<|M | <4 TeV

100 GeV < |I\/I2, Ul <4 TeV
400 GeV <M, <4 TeV
1<tan B <60

100 GeV < MA, |, e <4 TeV
400 GeV=<q,u,d <4 TeV
200GeV =q,, u, d3 <4 TeV
|Am_{| <4 TeV

levVvsm__<1TeV (log
3/2
prior)

Compare with Berger et al.
50GeV<IM , pl<1TeV

100 GeV < r\/l3 <1 TeV

1<tan <50
43.5 GeV < MA <1TeV

100GeV<q,u,d l,e<l
TeV

A |<1TeV
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Model set generation

l Models not excluded
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Model set generation

l Models not excluded
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Model set generation

Two separate scans

Neutralino LSP: generate spectra for 3 - 10° points in 19
dimensional parameter space, requiring lightest neutralino to
be LSP

Gravitino LSP: add gravitino mass and scan over 20
dimensional space using 7 - 10° points, with gravitino as LSP

Spectra are generated with SOFTSUSY and SuSpect, and
tossed if there are problems (tachyons, color/charge breaking
minima, unbounded scalar potentials) or the generators
disagree significantly

Decay tables are calculated with modified versions of
SDECAY, HDECAY, MadGraph, and CalcHEP
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Model set generation

Neutralino LSP set: impose WMAP as upper bound on
thermal relic density of lightest neutralino, and check against
DM direct detection constraints

Gravitino LSP set: assume the NLSP is quasi-stable and
reaches its relic density, decaying to the gravitino after
freezeout; impose WMAP, cosmological constraints

Precision EW constraints: g — 2, invisible width of Z, Ap

Flavor constraints: b - sy, B - uu, B = tv

Require all charged sparticles > 100 GeV
Impose LHC stable particle, ¢ — 1t constraints as of 12/2011

2 - 10° models left in each set; computationally demanding!
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Gravitino LSP cosmology

No assumptions about early universe gravitino
cosmology, e.g. reheating temperature or
entropy production

NLSP freezes out later

Assume NLSP reaches its thermal relic
density, and consider out-of-equilibrium
decays to gravitino

Gravitino LSP has very weak couplings, so no
dark matter detection constraints

However, for a gravitino LSP, the NLSP can be
very long-lived
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Gravitino LSP cosmology

« NLSP lifetimes between
10-2 and 105 S Can aﬁeCt Constraints on neutralino NLSPs
BBN if decay products
are hadronic

For lifetimes from 10° s

to 10'? s, BBN is affected «
even for electromagnetic *
energy injection

Diffuse photon

Constralnts become °107 10" 100 10 100 100 10° 10" ui-‘ I.JH 10"
; NLSP lifetime (s)

applicable for longer o |

: : BBN limits from Jedamzik et

lifetimes al., hep-ph/0604251

Pirsa: 12100052 Page 18/68



Gravitino LSP cosmology

e Sneutrino NLSPs have
small branching ratios

Constraints on sneutrino NLSPs

visible SM particles

Neutrinos resulting from
sneutrino NLSP decays
can also scatter off
leptons, giving N T
leptons/mesons that — BN s
affect BBN

] —— Diffuse Neutrino
Gravitino Density

o? 10" 10" 100 10° 107 10° 10" 10" 10" 10V

NLSP lifetime (s)

Diffuse photon/neutrino
flux for longer lifetimes Kanzaki et al.. 0705.1200

Neutrino scattering limits from
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