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215t Century Questions in Particle Physics

The Three Frontiers




Fermilab Programs at Three Frontiers (Today)

Hadron Colliders:

Tevatron
LHC
Dark Matter
Neutrinos Dark Energy

UHE Cosmic Rays

http://www.fnal.gov/pub/science/frontiers/



Fermilab Programs at Three Frontiers (Future)

Hadron Colliders:

LHC
Dark Matter
Neutrinos Dark Energy
Muons UHE Cosmic Rays

NEARIEUYES

http://www.fnal.gov/pub/science/frontiers/



Fermilab Programs at Three Frontiers (Future)

Hadron Colliders: Lepton Colliders:

LHC Sub-TeV: ILC
Multi-TeV: u Collider
(CLIC)

Project X:

Neutrinos Dark Matter
Muons Dark Energy
Kaons New Initiatives
Nuclei

Neutrino Factory

http://www.fnal.gov/pub/science/frontiers/
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Physics at the Tevatron
(per year: ~100 publications, ~60 Ph.D.s)

Total Inelastic

Cross Section

WZ
Single Top
7

Light SUSY, ...

100 120 140 160 180 200
Higgs Mass [GeV/c?]

B, mixing, Qf’
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Some highlights from the past
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Integrated luminosity (fb1)

top discovery Sua
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Tevatron SM Higgs

Predict Higgs Mass Search for Higgs
Tevatron Prellmlnary (L 2 O 5 4 fb 1)
Mop: Tevatron c% ' ,,,LEP,,,Echus|on,,,,,,,,,,,,,,,,,,,,,,A,A,,,,,,T,evatron ,,,,,,,,,,,,,
305 | Mw : Tevatron+LEP2 = 5 ‘ Exclusmn
3 LLLL Expected _
g e QObserved ‘ '
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Q O : : : 3
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my = 87%3.26 GeV New results coming
(Mip = 173.1 + 1.3 GeV) ICHEP2010




SM Higgs Sensitivity

Favored mass region Matter-Antimatter
Tevatron Run Il Projection Asym m etry

January 15, 2009
Preliminary

Probability of 20 Excess

— Analyzed L=10 fb™'/Exp.
— Analyzed L=5 fb"'/Exp.

0
100 110 120 130 140 150 160 170 180 190 200
With Projected Improvements 2
m,, (GeV/c®)

LEP Exclusion

Tevatron Run Il Projection

January 15, 2009
Preliminary
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~——  Analyzed L=5 fb"'/Exp.
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Probability of 30 Evidence
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MINOS

neutrino results
2

Sin%(2045)

Anti-neutrino results
are coming:
next week at

Neutrino 2010

5

MINOS best oscillation fit

MINOS 90% - --- Super-K 90%™.

MINOS 68% Super-K L/E 90%

MINOS 2006 90% 0 ----- - K2ZK 90%
| 1 1 1 1 | 1 1 1 1 |

0.7 0.8 0.9

7x10%° POT

E —— 90% C.L. Am3,>0
—— 90% C.L. Am3,<0
—l — Best Fit Am3,>0
Best Fit Am32,<0

—— CHOOZ 90% limit

MINOS
PRELIMINARY
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(for sin®2¢  =1)

Illlllllllllllllllll

lIlIIlIIIIII

0.2
= ad = D
2sin 923S|n 2913




MiniIBooNE

neutrinos
VS.
antineutrinos

New anti-neutrino

results are coming:

next week at
Neutrino 2010
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Neutrinos




viuons




Existing and Potential Underground Laboratories
for Neutrinos / Proton Decays and Dark Matter Searches

. 2
1’ H

Homestake

FrejusModane
DUSEL

s a
1

Europe

excluding the big cavern




Deep Underground Science
DUSEL and Engineering Laboratory @t HOmEStake, SD

Engineering

6 %2 Empire State
Buildings
for scale

Geoscience

Ray Davis’s Experiment






from Project X to Lepton Collider / Neutrino Factory

Energy Frontier beyond LHC: Lepton Collider

Hadlran Collider Lepton Collider
eﬁ N
ILC Enough —> By far the easiest!
E<1TeV
— 1 LHC Results or CLIC
ILC not enough or
E>1TeV

Muon collider




from Project X to Lepton Collider / Neutrino Factory

0.5 -1 TeV Linear Collider 4 TeV Muon CoIIider

Superconducting RF Technology for
Project X, ILC, Muon Collider, Neutrino Factory






time

Fermilab/US Strateqy

Detector Synergy:.
ILC/CLIC/u Collider
Tevatron (LHC) ILC / u Collider
rotons technolog
P Injector
. Inj r
NUMI ——> NuMl——> Project x €T | Factory
(300kwW) (700kW) 2 MW (120GeV) for v
Booster + 2MW(3GeV) + 200kW(8GeV)
MINOS NOVA 1300km baseline v
MiniBooNE  MicroBooNE WC / LAr
MINERVA MINERVA  (+Proton Decay,..)
(SciBooNE) Mu2e MuZ2e I
(ArgoNeuT) (1 g-2) u g-21l
(K*) KO/K,, K* Il
EDM, pu, A, =t 1I

Nuclear Physics




cosmic Frontler Dark Matter Searches — Now

ST
CDMS (4 kg) 0P
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Cosmrc Frontrer Dark Matter Searches Future

-1on@DUSEL AR - VAR
Technology: -} | e o Wisconsin
CDMS,

COUPP,

or Dark Side

COUPP (2 kg
Room temp CF;l Bub

7 ' Dark Side:
o = Depleted Argon Cryogenic
, , Scintillation and lonization |



Cosmic Frontier: Probing Dark Energy

1. SDSS (Sloan Digital Sky Survey) : SDSS
— 2.5 meter telescope in New Mexico T ST, '

— Ranks as the highest impact in astronomy < AT

for the 4t year in a row. o e

— Power spectrum of galaxies constrain dark . o A

energy density parameter.

2. DES (Dark Energy Survey)

— 4 meter telescope in Chile
— DES Camera under construction
— Operation: 2011 — 2016

3. JDEM (Joint Dark Energy Mission)

— Space telescope
— Fermilab Goal: Science Operation Center




Cosmic Frontier: High Energy Particles from Space

Auger Observatory
studies ultra-high energy
cosmic rays.

0 — Cosmic rays with
E > 57,000,000 TeV

Correlation

— Active Galactic Nuclel




Closing Remarks

 Compelling Questions Iin Particle Physics

— Require three interrelated frontiers Energy
* The Energy Frontier
 The Intensity Frontier %, -
« The Cosmic Frontier . o@@
% O
* Fermilab

— a balanced program at the three interrelated frontiers

— Project X (intense proton source)

* Intensity Frontier Facility (broad physics program)
« A path back to the Energy Frontier
— ILC technology

— Front end of a muon collider (and/or v factory), Acceleration
technology for a muon collider



