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Abstract: <span>l will talk about the implications of the current LHC results and the Higgs discovery on the principle of Naturalness, that has been

guiding particle physics for the last forty years. Then | will discuss the role that low energy experiments can play for the future of particle
physics.</span><span></span>
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Why Small?

® Theoretical
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Outline

® Small Numbers and Big Experiments

® Big Answers from Small Experiments

Pirsa: 14100116 Page 6/53



The Hierarchy Problem
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The Hierarchy Problem
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The Hierarchy Problem
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The hierarchy problem
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Quantum Corrections in the Standard Model
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Theory is not Natural, requires a fine tuning
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Need new symmetry to protect the Higgs in the Standard Model
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A Historic Precedent for a New Symmetry
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The Positron and Quantum Corrections
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A New Symmetry for the SM Higgs
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The Supersymmetric Standard Model
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Superparticles and Quantum Corrections
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Supersymmetry
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The Missing Superpartner Problem

Squark-gluino-neutralino model|
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squark mass [GeV
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The Missing Superpartner Problem
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The Status of Naturalness in SUSY

MSSM with A-terms
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Supersymmetry searches at the LHC

.\L'lil'l Sll})k‘l'ﬁ.\'lﬂlnt‘lI'ik' Sigl'l.'lllll'l‘ at lhl‘ ].] l(.:

Missing Energy

Pirsa: 14100116 Page 24/53



Supersymmetry searches at the LHC
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Supersymmetry searches at the LHC

® Supersymmetric Decays in 4d ® Supersymmetric Decays in Extra

Dimensions
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Stay Tuned!
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BiIG ANSWERS FROM
SMALL EXPERIMENTS
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The Low Energy Frontier

® In the Standard Model
® Gravitons

® Cosmic Neutrinos

® [n String Theory
® Axion(s)

p [! M FHv

® Photons kinetically mixing with our photon pror

® Dilaton, moduli, new dimensions
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How Do You Probe The Low Energy Frontier?

| Light Through Wa ]
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How Do You Probe The Low Energy Frontier?
Objccts [Nk
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Light vs Atom Interferometry
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10 m Atom Interferometer (2013)
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Testing Gravity at Large Distances
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Testing Gravity at Large Distances
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Testing Gravity at Large Distances

.'\I] atom il'll(’l'{(‘l'()l'l'lt‘l(‘l' I"~ d })I't‘('iﬁi()ll £i('l‘t‘ll‘l'()ll1t‘[t‘l'

® Tests of the cqui\'zllcncc principlc

Galileo s

I Future o~ 1 IT.(}

® Tests of General Rclutivil_\'

dv 5 pa

— ==V V &* vV o

dt

Newton's Gravity Kinetic Energy
(‘rl‘il\.'il‘\' (‘nl’(l\'ilulvs (‘ll‘(l\'ilillt‘.‘i

Pirsa: 14100116 Page 38/53



Pirsa: 14100116 Page 39/53




Testing Gravity at Large Distances
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Gravitational Wave Detection with Atom Inte.rferometry
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® MIGA - l’hilip Bouyer: Ground
based GW detector in Bordeaux
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Why 1s the Electric Dipole Moment of the Neutron Small?

The Strong CP Problem and the (_7)('1 ) axion
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Why is the Electric Dipole Moment of the Neutron Small?

The Strong CP Problem and the (_7)('[ ) axi0on
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Solution:
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Axion mass from QCD:
_ i Wity , 1017 GeV
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Precision Magnetometry

Nuclear Magnetic Resonance
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Reach of New QCD Axion Detection Ideas

Axion Dark Matter Candidate
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Reach of New QCD Axion Detection Ideas

Axion Dark Matter Candidate
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Scattered Experiments
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Scattered Experiments
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Scattered Experiments
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Super-Lab for Fundamental Physics?

o A I,al)m'alm‘_\' lmusing = 20 small scale experiments on

fundamental physics

® [Fundamental Physics: New Forces, New Particles, New
[Dimensions, New plwmmwna...

® ANY lix}_)crimcnlal 'I‘cchniquc

® HEP Model of a Users l"m‘ility plus [Local Personnel

Pirsa: 14100116 Page 52/53



Pirsa: 14100116 Page 53/53




