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The Higgs at 125 GeV

Observed (Asymptotic) CMS Pre.liminary.
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The Hard Facts

Pre LEP
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The Hard Facts

Pre LEP

Post LHC,
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Why Supersymmetry?
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Gauge Coupling running at two loops



At the Crossroads




LHC implications for:

e The Standard Model

e The Supersymmetric Standard Model

e Split Supersymmetry



The Higgs in the Standard Model

Higgs quartic coupling A(u)

0.10

008 |-

004 |-

002

M, = 125 GeV
30" bands in
M,=1731+£07GeV
as;(Mz)= 01184 + 0.0007

—

000

—0.02 f

T

NG, - M = 1710GeV

g M) = 01205 - -

-
- . -
e TE T E o

M, = 1753 GeV

| | | | | | | | | | | |

10*

108

108 10 10'? 10 10'¢ 10'® 10%
RGE scale u in GeV



Top mass M; in GeV
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The Higgs in the Standard Model
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Top mass M; in GeV
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At the Crossroads




“Why it's very natural, very natural.
I myself in your situation, ...
I'd wait till it was black night before
I gave up.”

Samuel Beckett, “Waiting for Godot”



SSM and the Higgs mass

e If minimal particle content

m% < mQZ + stop corrections

e Needs heavy stop, tuned

e Need to increase the tree level Higgs mass

e New singlet - NMSSM
W DO ANSH, Hg

or

e New U(1) at the TeV scale
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Squark-Gluino Bounds in the MSSM

Squark-gluino-neutralino model, m(i?) =0 GeV
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Natural SUSY SD.. Giudice (o5)

Bare minimum light spectrum:

e For less than 10% tuning:

e At tree-level: Higgsinos < 250 GeV
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m_o [GeV]

Bounds on Natural Supersymmetry

T, production: T, — b+, ;- W+, (BR=1, m, < 200 GeV); T,— t+%; (BR=1, m_> 200 GeV)
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e Stop up to ~500 GeV (except region around top)



The Gluino Sucks
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Gluino Bounds constrain all Low Energy Supersymmetry scenarios



A Natural SUSY Spectrum

e Involves one additional
singlet for the Higgs mass

e Requires low scale gauge
mediation to minimize
gluino running
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Prospects for Natural SUSY by December
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e Gluino probed up to 1.5-1.8 TeV

e Stop probed to more than 500 GeV
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e Natural SUSY tested by the end of 2012
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At the Crossroads




You and your landscapes!

Tell me about the worms!
Samuel Beckett, “Waiting for Godot”



Split Supersymmetry

e Solves tlavor and CP
problems

e Preserves successes of
Dark Matter and gauge
coupling unification

Mass

>10 TeV

125 GeV -

Scalar Superparticles

Gluino
Higgsinos
Electroweakinos

One tuned
Higgs



Unification in Split Supersymmetry
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Works as well as ordinary Supersymmetry



125 GeV Higgs in Split Supersymmetry
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e Scalars separated from fermions by loop factor(s)

e Possible mechanism: Anomaly mediation
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Giudice and Strumia (2011)



Mini-Split Spectrum

e U(1)’ gauge mediation with Arvanitaki, Craig, Villadoro

e Scalar masses (squared) at two loops

e SM Gaugino masses at three loops

e Two loop hierarchy between scalars and fermions
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Spectrum in U(1)’ mediated Split SUSY

gauginos

scalars
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Spectrum in U(1)’ mediated Split SUSY

gauginos

—>

scalars

e Gauginos pushed heavier by experimental bounds

Mass



Spectrum in U(1)’ mediated Split SUSY
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e Gauginos pushed heavier by experimental bounds

e Scalar mass upper bound from the Higgs Mass



Spectrum in U(1)’ mediated Split SUSY
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Supersymmetry breaking scale in GeV
e Gauginos pushed heavier by experimental bounds

e Scalar mass upper bound from the Higgs Mass

e Fixed hierarchy between gauginos and scalars makes gauginos LHC
accessible



M ini - S plit S p e Ct ru m with Arvanitaki, Craig, Villadoro

Mass g,

104 TeV Scalar Superparticles
e For U(1)’= cosO U(1)s-L + sinf U(1)y
e U determined by Bu requirement M Higgsinos

~2000 GeV Gluino
e Lightest Supersymmetric Particle 500 GeVA Electroweakinos
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125 GeV One tuned
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Scalar Spectrum as a Function of 0
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Scalar Spectrum as a Function of 0
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Excluded by color or (wrong) electroweak breaking
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Fermion Spectrum as a function of 0
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Fermion Spectrum as a function of 0
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Excluded by negative scalar mass?




Long-lived Gluinos at the LHC
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Gluino Bounds from the LHC
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For prompt or
slightly displaced gluinos

For collider “stable” gluinos

Mgluino > 1 TeV for split gluino

2.5 TeV to 3 TeV ultimate reach for split gluino

Electroweakinos also LHC accessible



What can the Higgs tell us?




Naturalness and Higgs Properties

A Natural Higgs is not the SM Higgs



Signal strength
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Conclusions

e Natural Supersymmetry
e Requires new ingredient in the MSSM for the Higgs

e Gluino mass constraints push natural SUSY to the corner

e LHC may “exclude” Natural SUSY by the end of 2012

e Split Supersymmetry

e Higgs Mass points to Mini Split

e Higgs Mass and Properties
e Traditional SUSY scenaria account for up to 30% of change in oxBr

e A non SM higgs favors naturalness



What is Next Experimentally?

e Next year
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e Study Higgs couplings

e Continue looking for sparticles



The Large Hadron Collider will tell us!



