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Discoveries at Particle Colliders

Role of accelerators in particle physics

Discoveries via energy & luminosity

Focus on THE Tevatron & LHC

Outlook

Jacobo Konigsberg, U. Florida



What we’ve dared ask...

How does Nature behave at its most 
fundamental level ?

What are the elementary building blocks of all 
matter ?

How do they interact with each other ?

How is this connected to the evolution of the 
Universe ?

Can all this be described simply ?
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...and attempted to answer



questions

experimenttheory

Some remarkable answers

Standard
Model
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questions

experimenttheory

Some remarkable answers

Standard
Model

* Same number of Anti-anti-particles too !
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questions

experimenttheory

Some remarkable answers

Standard
Model

* Same number of Anti-anti-particles too !

Discovered in:

 Radioactivity

 Cosmic Rays

 Accelerators
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Feynman diagrams

* Same number 

Fundamental Interactions (forces)
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Charged
particles

Quarks &
leptons

particles
w/ mass



This is how they really look like

By Roz Chast (New Yorker cartoonist) for Symmetry Magazine, May’07
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The SM Equations

XX

XXXXL
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“Elementary” calculations

Remarkable description of Nature

Remarkable predictive power

Iterative consistency with 
experimental data

Still, some pieces are ad-hoc

Missing description of Gravity

µ decay/

initial state final state
force carrier

Relativistic Quantum Field Theory
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last ~100 years!
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last ~100 years!
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E. Lawrence R. Van de GraaffJohn Cockcroft

# of publications in particle physics per year

and collaborators,
and many others...

The Role of Particle Accelerators

The advent of the era of accelerators: a “game changer” - as they say...

9

Publication Year



Some recognition
The Standard Model:

Near 30 Nobel Prizes given to Particle Physics in the last 100 yrs

Substructure, quarks, leptons,  antimatter, force carriers, symmetries, theory, 
instrumentation & accelerator work

# 
pr

iz
es

year
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First successful cyclotron constructed by 
Lawrence and M. S. Livingston - 1930

E. Lawrence

11

The First Cyclotron

5 in. diameter
Protons @ 80 KeV



27 Km circumference
Protons up to 7 TeV

We’ve come a long way...
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27 Km circumference
Protons up to 7 TeV

We’ve come a long way...
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“E-volution” of 
Particle Accelerators

13
Year

Pa
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LHC Sept 2008

Early particle accelerators, like MIT's Van de Graaff 
machine, had difficulty containing the high voltages required.

Not necessarilly smoothly !



BUT major puzzles: particle masses 
5 orders of magnitude span for quarks

Top quark as heavy as a gold atom

Neutrinos nearly massless

Force carriers have either zero or 
very larger masses

units: c=1 => m=E    proton is 1 GeV
proton

105
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BUT major puzzles: particle masses 
5 orders of magnitude span for quarks

Top quark as heavy as a gold atom

Neutrinos nearly massless

Force carriers have either zero or 
very larger masses

units: c=1 => m=E    proton is 1 GeV
proton

105

 “The Higgs”
    A new particle/field that generates 

mass - last SM particle still to be found

The Higgs
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“Dark Matter and
Dark Energy”

DE

DM

Physics [particles] beyond
the Standard Model !

Dark Matter:
Galaxies rotation 
inconsistent with 

visible mass

Dark Energy:
The expansion of 

the Universe is 
accelerating

Another puzzle:

15



A whole new set of deep questions

Why 3 generations of particles ?

Why the [huge] difference in particle masses ?

Are all the forces one ?

Where is all the anti-matter ?

What are dark matter and dark energy ?

How does gravity fit in ?
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Strings

Supersymmetry

Extended gauge theories

Multi-Higgs, Little Higgs, Higgs-less

Technicolor, topcolor

Compositeness

Extra dimensions

Hidden Valleys

…

Theorists at work
[hesitate to say “to the rescue”]

 All of which predict new particles to be discovered
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Strings

Supersymmetry

Extended gauge theories

Multi-Higgs, Little Higgs, Higgs-less

Technicolor, topcolor

Compositeness

Extra dimensions

Hidden Valleys

…

Theorists at work
[hesitate to say “to the rescue”]

 All of which predict new particles to be discovered

None of which may be true !
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Ex: SuperSymmetry

Double the fun !
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Ex: SuperStrings
Particles are not structureless points but [tiny]
stings. Different particles types can be
manifested as different vibration modes

Potential to explain much (all ?)
• Particle spectrum
• A single interaction
• Implies SUSY and Extra Dimensions
• contains other objects “branes”

 could even explain gravity
• Has evolved into “M-theory” 

But… the equations have many solutions
corresponding to different Universes
The challenge is to find the solution to our Universe... = 42 ?
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Adventures in Collider-land

ENERGY

LUMINOSITY
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This is how we normally see

source

target

Particle 
accelerator

This is how we extend our senses !

λ

Target

Detector

Accelerators are
discovery machines !
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CollidersA simple idea:

* Accelerate charged
particles in an electric 
field

* Keep them in orbit 
using magnets

* Collide them against
each other or a target

* See what comes out...
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It’s not that simple
to build 

Multi TeV / high 
intensity machines

1 TeV = 1012 eV

Of course...



Time

   North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom
   Chair:   Steve  Gourlay Chair:  Johan  Bengtsson Chair:  Kevin  Brown Chair:  Sandra  Biedron Chair:  Yu-­‐Jiuan  Chen Chair:  Dave  Sutter Chair:  Kevin  Jones Chair:   Todd  Satogata
8:30

Recent  SuperB  Design  Choices,  
Walter  Wittmer,  SLAC

Importance  of  Symmetrizing  
RF  Couplers  for  Low  

Emittance  Beams,  Zenghai  Li,  
SLAC

The  European  Spallation  
Source,  

Steve  Peggs,  ESS

8:45
High  Luminosity  Electron-­‐
Hadron  Collider  eRHIC,  
Vadim  Ptitsyn,  BNL

Solid  State  RF  Power  -­‐  The  
route  to  1  Watt    per  Euro  

Cent?,  
Oliver  Heid,  Siemens  AG

DIANA,  a  Next  Generation  
Deep  Underground  

Accelerator  Facility,  Daniela  
Leitner,  NSCL

9:00
Lattice  Design  for  eRHIC  and  

LHeC,  
Dejan  Trbojevic,  BNL

Status  of  the  Oak  Ridge  SNS  
RF  Systems,  

Thomas  Hardek,  ORNL

High-­‐Intensity  Polarized  
Beam  Production  in  Charge-­‐
Exchange  Collisions,  A.  

Zelenski,  BNL
9:15 Feedback  Scheme  for  Kink  

Instability  in  ERL  Based  
Electron  Ion  Collider,  Yue  Hao,  

BNL

RF  Breakdown  Threshold  of
      Accelerator  Structures  by  
Magnetic  Insulation,  Diktys  

Stratakis,  UCLA

Femtosecond  RF  Gun  Based  
MeV  Electron  Diffraction,    

Jinfeng  Yang,  ISIR

9:30

   North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom
   Chair:  Alan  M.  M.  Todd Chair:  Alexander  Chao Chair:  Chan  Joshi Chair:  Rodney  Gerig Chair:  Stan  O.  Schriber Chair:   Vladimir  Shiltsev Chair:  Patric  Muggli Chair:  Paul  Schmor Chair:  Ivan  V.  Bazarov Chair:  John  Erickson

10:00

10:15

10:30
Inverse-­‐FEL  Accelerator  for  

Driving  Compact  Light  Sources,  
Aaron  Tremaine,  RadiaBeam

Muon  Collider  Final  Cooling  
in  30-­‐50  T  Solenoids,  
Robert  B.  Palmer,  BNL

10:45
Comparison  of  Accelerator  

Technologies  for  use  in  ADSS,  
Bill  Weng,  BNL

PoP  Experiment  for  FEL-­‐
based  Coherent  Electron  
Cooling,  Gang  Wang,  BNL

11:00
Resonant  Excitation  of  PW  in  
the  Linear  and  Nonlinear  

Regime,  Patric  Muggli,  USC

BOY,  A  Modern  Graphical  
Operator  Interface  Editor  and  

Runtime,  
Xihui  Chen,  ORNL

Demonstration  of  a  Two-­‐Stage  
Laser  Wakefield  Accelerator,  
Bradley  B.  Pollock,  LLNL

Magnetic  Axis  Determination  
of  Pulsed  Solenoids,  
Diego  Arbelaez,  LBNL

Progress  on  Superconducting  
RF  for  the  Cornell  Energy-­‐
Recovery-­‐Linac,  Matthias  

Liepe,  CLASSE

11:15
Plasma  Wakefield  Experiments  

at  FACET,  
Mark  Hogan,  SLAC

Multipurpose  Controller  Based  on  
a  FPGA  with  EPICS  Integration,  
Pablo  Echevarria,  ESS  Bilbao

Improved  Energy  Changes  at  the  
Linac  Coherent  Light  Source,    

Nate  Lipkowitz,  SLAC

Insertion  Device  
Development  at  NSLS-­‐II:    
Status  and  Plans,  Toshiya  

Tanabe,  BNL

The  NSLS-­‐II  RF  Systems,  
James  Rose,  BNL

11:30 A  Proposed  Test  of  Proton-­‐
driven  PWA  based  on  CERN  

SPS,  
Guoxing  Xia,  MPI-­‐P  

Concept  and  Architecture  of  the  
RHIC  LLRF  Upgrade  Platform,  

Kevin  Smith,  BNL

Status  of  the  Short-­‐Pulse  X-­‐ray  
Project  (SPX)  at  the  Advanced  
Photon  Source,  Ali  Nassiri,  ANL

Design  and  Testing  of  
Advanced  PBG  Accelerator  
Structures,  Brian  Munroe,  

MIT/PSFC

Extruded  Aluminum  Vacuum  
Chambers  for  Insertion  

Devices,  Emil  Trakhtenberg,  
ANL

1.3  GHz  Superconducting  RF  
Cavity  Program  at  Fermilab,  
Camille  Ginsburg,  Fermilab

11:45 Production  of  25  MeV  Protons  
in  CO2  Laser-­‐Plasma  
Interactions,  Daniel  
Haberberger,  UCLA

LARP  LHC  4.8  GHz  Schottky  
System  Initial  Commissioning,  
Ralph  J.  Pasquinelli,  Fermilab

Status  and  Specs  of  a  Project  X  
Front  End  Accelerator  Test  

Facility,  Jim  Steimel,  Fermilab

Wakefield  Breakdown  Test  
of  a  Diamond-­‐Loaded  

Structure,  Sergey  P.  Antipov,  
Euclid

Thin  Film  Coatings  
Suppressing  Electron  

Multipacting,  
Pedro  C.  Pinto,  CERN

High  Current  
Superconducting  Cavity  

Design  at  BNL,  Wencan  Xu,  
BNL

North  Ballroom South  Ballroom
Chair:  Shane  R.  Koscielniak Chair:  Giorgio  Apollinari

13:00

North  Ballroom South  Ballroom North  Ballroom South  Ballroom North  Ballroom South  Ballroom
Chair:  Valeri  Lebedev Chair:  Viatcheslav  V.  Danilov Chair:  John  R.  Cary Chair:  Samuel  Krinsky Chair:  Matthew  Poelker Chair:  Liu  Lin

13:30
Development  of  11  T  Nb3Sn  
Dipole  for  LHC  Upgrades,  

Alexander  V  Zlobin,  Fermilab

13:45
HTS  Magnets  for  Accelerator  and  

Other  Applications,  
Ramesh  C.  Gupta,  BNL

14:00
Accelerator  Aspects  of  the  
Advance  Photon  Source  

Upgrade,  Louis  Emery,  ANL  

Operational  Results  from  the  LHC  
Luminosity  Monitors,  
Ryoichi  Miyamoto,  BNL

Integrated  EM  &  Thermal  
Simulations  with  Upgraded  

VORPAL,  
David  Smithe,  Tech-­‐X

The  High-­‐Energy  Storage  
Ring,  Rudolf  Maier,  FZJ,  

Jülich  

14:15
Status  of  the  ALS  Upgrade,  
Christoph  Steier,  LBNL

Electron  Beam  Diagnostics  of  the  
JLab  UV  FEL,  

Pavel  Evtushenko,  JLAB

Experience  of  the  Cryogenic  
System  for  Taiwan  Light  Source,  

Feng-­‐Zone  Hsiao,  NSRRC

Electron  Linac  for  the  Rare  
Isotope  Program  at  TRIUMF,  

Shane  R.  
Koscielniak,TRIUMF

14:30 Application  of  the  Eigen-­‐
Emittance  Concept  to  Ultra-­‐
Bright  e-­‐Beams,  Leanne  Duffy,  

LANL

Upgrade  of  Accelerator  
Complex  at  Pohang  Light  

Source  Facility  (PLS-­‐II),  Kyung-­‐
Ryul  Kim,  PAL

Beam  Halo  Measurements  with  
an  Adaptive  Mask,  
Hao  Zhang,  UMD

The  Injector  Cryomodule  for  e-­‐
Linac  at  TRIUMF,  

Robert  E.  Laxdal,  TRIUMF

High-­‐Power  Options  for  
LANSCE,  

Robert  Garnett,  LANL

    R&D  for  In-­‐situ  Plasma  
Surface  Cleaning  of  SRF  

Cavities  at  SNS,  Sang-­‐Ho  Kim,  
ORNL

14:45
Subpicosecond  Electron  
Bunch  Train  Production,  
Yin-­‐E  Sun,  Fermilab

A  Next  Generation  Light  
Source  Facility  at  LBNL,
  John  Corlett,  LBNL

fsec-­‐Resolved  Determination  of  
Pulses    Overlap  in  sFLASH,  
Roxana  Tarkeshian,  Uni  HH

Crab  Cavity  and  Cryomodule  
Prototype  Development  for  the  

APS,  Haipeng  Wan,  JLAB

ATLAS  Upgrade,  
Peter  Ostroumov,  ANL

Power  Upgrade  for  CEBAF  at  
Jefferson  Lab,  Andrew  

Kimber,  JLAB

15:00 Time-­‐Dependent  Phase-­‐
Space  Measurements  of  

Beam  in  NDCX-­‐I,  Steven  M.  
Lidia,  LBNL

A  Theoretical  Model  for  
Emittance  Exchange  Induced  
by  Linear  Coupling,  Hong  Qin,  

PPPL

An  VUV  FEL  for  Producing  70  -­‐  
100  MeV  Circularly  Polarized  
g-­‐ray  Beams  ,  Ying  K.  Wu,  

FEL/Duke  U

Flux-­‐coupled  Cyclotron  
Stack  I:  Optimization,  

Peter  M.  McIntyre,  Texas  
A&M  U.

Resonance  Control  in  SRF  
Cavities  at  FNAL,  Yuriy  
Pischalnikov,  FNAL

North  Ballroom South  Ballroom
Chair:  Marion  White Chair:  Rok  Ursic

15:30

North  Ballroom South  Ballroom North  Ballroom South  Ballroom
Chair:  Bruce  P.  Straus Chair:  Lia  Merminga Chair:  Robert  Hettel Chair:  Georg  H.  Hoffstaetter

16:00 Results  of  Head-­‐on  Beam-­‐
beam  Compensation  Studies  

at  the  Tevatron,  Giulio  
Stancari,  Fermilab

Space-­‐Charge  Effects  in  
Bunched  and  Debunched  
Beams,  Brian  L.  Beaudoin,  

UMD

CSR  Fields  from  a  Direct  

Equations,  
Alexander  Novokhatski,  SLAC

MaRIE  X-­‐Ray  Free-­‐Electron  
Laser  Pre-­‐Conceptual  Design,  

Bruce  Carlsten,  LANL
Accelerator  Technology

16:15 Optimizing  the  e-­‐Beam  for  
Head-­‐on  Beam-­‐beam  
Compensation  in  RHIC,  

Yun  Luo,  BNL

Nonlinear  Resonance  
Measurements  and  

Correction  in  SR,  Riccardo  
Bartolini,  Diamond

Exploration  of  Parallel  
Optimization  Accelerator  
Design  Techniques,  Yusong  

Wang,  ANL

Advanced  Concepts  and  
Future  Directions

16:30 Advanced  Crystal  Collimation  
Studies  at  the  Tevatron  (T-­‐
980),  Viktoriya  Zvoda,  

Fermilab

Studies  of  RF  Noise  Induced  
Bunch  Lengthening  at  the  

LHC,  Themis  Mastoridis,  SLAC

Beam  Dynamics  Studies  of  
Parallel-­‐Bar  Deflecting  

Cavities,  
Shahid  Ahmed,  JLAB

Performance  Optimization  for  the  
LNLS  Fast  Orbit  Feedback,  

Daniel  de  Oliveira  Tavares  ,  LNLS

CEBAF  200  keV  Inverted  Electron  
Gun,  Joseph  M.  Grames,  JLAB

Applications  of  Accelerators,  
Tech  Transfer,  Industry

16:45
Beam  Losses  due  to  Abrupt  

Crab  Cavity  Failures  in  HL-­‐LHC,  
Rama  Calaga,  BNL

Dancing  Bunches  as  van  
Kampen  Modes,  

Alexey  Burov,  Fermilab

Dynamic  Aperture  
Optimization  using  Genetic  
Algorithms  at  the  ALS,  
Changchun  Sun,  LBNL

Free  Electron  Laser  Seeding  
Experiments  at  SPARC,  Luca  
Giannessi,  ENEA  C.R.  Frascati

NSLS-­‐II  Fast  Orbit  Feedback  with  
Individual  Eigenmode  

Compensation,  Yuke  Tian,  BNL  

High  Gradient  NC  RF  Photoinjector  
for  Sincr.  Trieste,  

Dr.  Luigi  Faillace,  RadiaBeam

Beam  Dynamics  and  EM  
Fields

17:00 Chromaticity  Correction  for  a  
Muon  Collider,  

Eliana  Gianfelice-­‐Wendt,  
Fermilab

3D  EM  Design  and  Beam  
Dynamics  Simulations  of  a  
RFQ,  Brahim  Mustapha,  ANL  

High  Fidelity  Calculation  of  
Wakefields  for  Short  Bunches,

  Cho-­‐Kuen  Ng,  SLAC

Optics-­‐free  X-­‐ray  FEL  
Oscillator,  Dmitry  Kayran,  

BNL
Colliders

17:15
Muon  Collider  IR  and  Machine-­‐
detector  Interface  Design,  
Nikolai  V.  Mokhov,  Fermilab

Beam  Dynamics  Simulations  
on  the  Bilbao  Accelerator  

RFQ,  David  de  Cos,  ESS  Bilbao

Action  and  Phase  Jump  
Analysis  for  LHC  Orbits,  
Oscar  R.  Blanco,  UNAL

Optimizing  RF  Gun  within  an  
Automated  Injector  Design  
System,  Alicia  Hofler,  JLAB

Instrumentation  and  Controls

17:30

18:00

18:30

19:00

19:30

20:00

21:00

8:30  to  10:00  Registration

Plenary  Talk
Understanding  Nuclear  Physics  with  Accelerators,  

Abhay  Deshpande,  Stony  Brook  University

Plenary  Talk
Science  with  Light  and  Neutron  Sources,  

Sunil  K.  Sinha,  UCSD

Saturday,  April  2:  Tour  to  BNL
There  will  be  busses  leaving  the    Marriott  

at  8:15  am  &  returning  at  5:30  pm.

Conference  Dinner  19:30  -­‐  21:00
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Invited  Talk

Megawatt  Proton  Source  at  
Fermilab,  

Sergei  Nagaitsev,  Fermilab

9:30:  10:00  Coffee  Break
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Cavity  and  Cryomodule  
Design  for  the  Project  X  
Linac,  Mark  S.  Champion,  

Fermilab
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Invited  Talk
Would  >50  MV/m  be  

Possible  with  
Superconducting  RF  Cavities?  

Tsuyoshi  Tajima,  LANL
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7:30  to  17:30  Registration 8:00  to  17:00  Registration 8:00  to  17:00  Registration 8:00  to  17:00  Registration

Broadway  Ballroom

Opening  Remarks

Chair:  Vladimir  N.  Litvinenko Session

9:30:  10:00  Coffee  Break
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Invited  Talk
Computation  of  Transfer  Maps  

for  Realistic  Beamline  
Elements  from  Surface  Data,    

Chad  E.  Mitchell,  NRL
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Demonstration  of  the  Echo-­‐
enabled  Harmonic  

Generation  Technique,  Dao  
Xiang,  SLAC
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9:30:  10:00  Coffee  Break

Emittance  Exchange  and  
Bunch  Compression,  

Alexander  Zholents,  ANL

PAC'11  Synoptic  Table
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  2
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Monday,  March  28 Tuesday,  March  29 Wednesday,  March  30
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Invited  Talk
State  of  the  Art  in  Medical  and  
Industrial  Linear-­‐Accelerator  

Systems,  
David  Whittum,  Varian  

Medical  Systems

Invited  Talk
Electron  Cloud  Experiments  
at  Fermilab:  Formation  and  

Mitigation,  
Robert  M.  Zwaska,  Fermilab

Pleanary  Talk
Understanding  Elementary  Particle  Physics  

with  High  Energy  Colliders,
  Jacobo  Konigsberg,  University  of    Florida

Invited  Talk
Maximizing  Technology  

Transfer  Benefits  to  Society,  
Andreas  Peters,  HIT

Invited  Talk
High  Intensity  Effects  in  the  

SNS  Ring,  
Sarah  M.  Cousineau,  ORNL

Invited  Talk
Longitudinal  Relaxation  of  a  
Space-­‐Charge  Dominated  

Bunch,  Timothy  Koeth,  UMD

Invited  Talk
Beam  Dynamics  Issues  in  the  

SNS  Linac,  
Andrei  P.  Shishlo,  ORNL

Invited  Talk
CBRNE  Standoff  Detection,  
Brandon  Blackburn,  RTN  IDS

Invited  Talk
Tevatron  Accelerator  Physics  
and  Operation  Highlights,  

Alexander  Valishev,  Fermilab

Invited  Talk
Spin  Manipulating  Polarized  
Protons  and  Deuterons,  
Vasiliy  Morozov,  ODU          

Invited  Talk
Status  of  the  NSLS-­‐II  Project,    
Ferdinand  J.  Willeke,  BNL

Tutorial  
on  Accelerator-­‐Based  Light  

Sources,  
Michael  Borland,  ANL

Invited  Talk
Acceleration  Beyond  1  GeV  
Using  Ionization  Induced  

Injection,  
Kenneth  Marsh,  UCLA

Invited  Talk
Progress  Towards  a  Free-­‐
electron  Laser  Driven  by  a  
Laser-­‐plasma  Accelerator,  
Andreas  R.  Maier,  LMU

Invited  Talk
Technical  Challenges  in  the  
LCLS,  Commissioning  and  

Upgrades,  
John  N.  Galayda,  SLAC

Cornell  ERL  Research  and  
Development,  Christopher  

Mayes,    CLASSE
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Invited  Talk
SRF  Materials  R&D,  

Lance  Cooley,  Fermilab

15:30-­‐16:00  Coffee  Break

Session

Friday,  April  1

Louis  Costrell  Honorary  Awards  Session
Sudents  Poster  Award,  New  APS-­‐DPB  and  IEEE-­‐NPSS  
Fellows,  IEEE-­‐NPSS  Particle  Accelerator  Science  and  

Technology  Awards,  US  Particle  Accelerator  School  Awards

Invited  Talk
Non-­‐neutral  Plasma  Traps  for  
Accelerator-­‐free  Experiments  
on  Space-­‐charge-­‐dominated  

Beam  Dynamics,  
Hiromi  Okamoto,  HU/AdSM

Invited  Talk
Verification  of  the  Power  
Transfer  and  Wakefield  
Coupling  in  the  CLIC  Two-­‐

beam  Accelerator,  
Arno  E.  Candel,  SLAC

Tutorial  
on  Plasma-­‐Based  

Accelerators,  Warren  Mori,  
UCLA      

Invited  Talk
R&D  towards  a  Neutrino  
Factory  or  Muon  Collider,  
Status  of  International    

MICE,  Michael  Zisman,  LBNL

Invited  Talk
Cathodes  for  Photoemission  

Guns,
  Luca  Cultrera,  CLASSE
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Invited  Talk
RF  Systems  for  

Superconducting  Linacs,  
Wolfgang  Anders,  HZB

Invited  Talk
Commissioning  of  the  20MV  

Superconducting  Linac  
Upgrade  at  TRIUMF,  

Marco  Marchetto,  TRIUMF

Invited  Talk
  

Andrew  Hutton,  JLAB  

9:30:  10:00  Coffee  Break

Tutorial
  on  High  Brightness  
Photoinjectors,  

David  Dowell,  SLAC

Invited  Talk
Recently  Commissioned  

High  Power  Proton  
Accelerators  and  Future  

Prospects,  
Stuart  Henderson,  Fermilab

Invited  Talk
Technical  Challenges  in  

Design  and  Construction  of  
FRIB,  Richard  York,NSCL

Invited  Talk
Energy  Recovery  Linacs  for  
Light  Source  Applications,  

George  R.  Neil,  JLAB

Thursday,  March  31

Invited  Talk
Developments  in  

Superconducting  Insertion  
Devices,  

Elizabeth  R.  Moog,  ANL

Invited  Talk
Optimization  of  Magnet  

Stability  and  Alignment  for  
NSLS-­‐II,  Sushil  Sharma,  BNL

Tutorial  
on  Heavy  Ion  Driven

  Inertial  Fusion,  William  M.  Sharp,  
LLNL

9:30:  10:00  Coffee  Break

12:00

  

15:15

Chair:  Thomas  Roser
Broadway  Ballroom

Closing  Remarks

Invited  Talk
Accelerator  Timing  Systems  

Overview,
  Javier  Serrano,  CERN

Invited  Talk
Linac  Timing,  Synchronization  and  

Active  Stabilization,  
Florian  Loehl,  CLASSE

Invited  Talk
Simultaneous  Orbit,  Tune,  
Coupling,  and  Chromaticity  

Feedback  at  RHIC,  
Michiko  Minty,  BNL

Invited  Talk
Real-­‐Time  Beam  Control  at  the  

LHC,  
Ralph  J.  Steinhagen,  CERN

Invited  Talk
Progress  in  Development  of  
Wakefield  Accelerators,  
Wim  Leemans,  LBNL

Invited  Talk
Synchronization  of  X-­‐Rays  and  

Lasers  for  Pump-­‐Probe  
Experiments  at  Ultrafast  Light  

Sources,  
John  Byrd,  LBNL

Invited  Talk
Experiment  to  Demonstrate  

Acceleration  in  Optical  
Photonic  Band  Gap  (PBG)  

Structures,  
Robert  J.  England,  SLAC
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12:00  to  13:30:  Lunch  Break
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Isochronous  High  Intensity  
Non-­‐scaling  FFAG  Proton  
Drivers,  Carol  Johnstone,  

Fermilab

Space-­‐charge  Effects  in  H-­‐  

Low-­‐energy  Beam  Transport  
of  LANSCE,  Yuri  Batygin,  

LANL

Invited  Talk
Status  of  the  KEKB  Upgrade,    

John  W.  Flanagan,  KEK

15:30-­‐16:00  Coffee  Break

Invited  Talk
Improvements  in  the  RHIC  
Polarized  Proton  Operation,  

Haixin  Huang,  BNL

12:00  to  13:30:  Lunch  Break
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Invited  Talk
Challenge  of  MAX-­‐IV  Towards  

a  Multi-­‐Purpose  Highly  
Brilliant  Light  Source,  

Mikael  Eriksson,  MAX-­‐lab

12:00  to  13:00:  Lunch  Break

Invited  Talk
Laser  Based  Diagnostics  for  
Measuring  H  minus  Beam  

Parameters,  
Yun  Liu,  ORNL

Invited  Talk
Design  and  Test  of  Long  Nb3Sn  

Magnets  within  the  LARP  Collab.,  
GianLuca  Sabbi,  LBNL        

12:00  to  13:30:  Lunch  Break

A  Design  of  an  Ultimate  
Storage  Ring  for  Future  Light  
Source,  Yichao  Jing,  IUCEEM

Invited  Talk
Overview  of  System  Specifications  
for  Bunch  by  Bunch  Feedback  

Systems,  
Dmitry  Teytelman,  Dimtel
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Invited  Talk
A  Non-­‐Destructive  Profile  Monitor  

for  High  Intensity  Beams,  
Willem  Blokland,  ORNL

15:00-­‐15:30  Coffee  Break
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Invited  Talk
KEK  ATF  Beam  Instrumentation  

Program,  
Nobuhiro  Terunuma,  KEK
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Invited  Talk
Matched  Kinetic  Quasi-­‐

equilibrium  Solutions  for  an  
Intense  Charged  Particle  

Beam,  Edward  Startsev,  PPPL

Invited  Talk
Status  of  LHC  Operations  and  

Physics  Program,  
Stefano  Redaelli,  CERN

Student  
Poster  
Set-­‐up  

Judges  
Orientatio

n

M
A
N
N
E
D
  
1
6
1
-­‐
  
3
2
0

Invited  Talk
High-­‐Power  Targets:  Experience  

and  R&D  for  2  MW,  
Patrick  Hurh,  Fermilab

Women  in  Engineering  Reception  17:30  -­‐  19:30

Student  
Poster  
Session  
and  

Reception

Sources  and  Medium  Energy  
Accelerators

Plenary  and  Awards

Tutorial

Legend

Light  Sources  and  FELs

IEEE    Doctoral  Student  Award

APS/DPB  Outstanding  Doctoral  Thesis  in  Beam  Physics

Robert  R.  Wilson  Prize  for  Achievement  in  Physics  
of  Particle  

Accelerators,  Introduced  by  V.  Shiltsev  
Award    Talk:Yaroslav  Derbenev,  JLab

Broadway  Ballroom
Chair:  Victor  P.  Suller
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Chairman's  Reception  18:00  -­‐  20:00
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15:30-­‐16:00  Coffee  Break
Invited  Talk

Design  Studies  and  Optimization  
of  Future  X-­‐ray  FELs  Based  on  

Advanced  High  Frequency  Linacs,    
Faya  Wang,  SLAC
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Here is the evidence:
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At the collision point

E=mc2

X

X

Y

Y

Y

Y
X

X

Discoveries !

24

More energy ==> produce more massive particles

 More energy ==> look in more detail 

 More energy ==> go back further in time !



“We are decoding the Universe’s most ancient language”  [JK] 
25



Initial
state

Final
state

Accelerators
Detectors

Transition probability

Depends on all the laws
of particle physics

“quantum dice”

At the collision point
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Initial
state

Final
state

Accelerators
Detectors

At the collision point

26
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unknown

Energy ==> Discoveries
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Some Good Old Particle  Discoveries at Accelerators

28

The Top 1995
@Tevatron

Charm (J/psi) 1974
@AGS/SPEAR

The Top

Bottom (upsilon) 1978
@FNAL

W-boson 1983
@SPS-CERN

The Tau 1975
@SPEAR



The first accelerator

Fermilab’s Tevatron

29

CERN’s LHC

Proton-antiproton collider  
Ecm = 1.96 TeV

• 10 million collisions/sec

• Two multi-purpose particle 
detectors: CDF and DØ

• First collisions on October 
13, 1985 - at CDF

Proton-proton collider  

Ecm = 7=>14 TeV
• goal: 1 billion collisions/sec

• Two multi-purpose particle 
detectors: CMS and ATLAS

• Two specialized detectors: 
LHCb and ALICE

Focus on



1/25/2011Eric Prebys - LHC Talk, CMSDAS

Nominal LHC Parameters Compared to Tevatron

Parameter Tevatron “nominal” LHC
Circumference 6.28 km (2*PI) 27 km

Beam Energy 980 GeV  7 TeV

Number of bunches 36 2808

Protons/bunch 275x109 115x109

pBar/bunch 80x109 -

Stored beam energy 1.6 + .5 MJ 366+366 MJ*

Peak luminosity 4x1032  cm-2s-1 1.0x1034 cm-2s-1

Main Dipoles 780 1232

Bend Field 4.2 T 8.3 T

Main Quadrupoles ~200 ~600

Operating temperature 4.2 K (liquid He) 1.9K (superfluid He)

*2.1 MJ ≡ “stick of dynamite” ⇒ very scary numbers

1.0x1034 cm-2s-1 ~ 50 fb-1/yr

30



Colliders

“Particles, particles, particles”

hadrons = composite particles:
  - mesons = made of a quark & antiquark
  - baryons = made of 3 quarks
  - also gluons and more stuff

protons are 3-quark baryons

Hadron Collisions

Collisions are between “partons”

31



Life in a proton

Parton-parton collisions:

CM energy is smaller than 
the proton-proton CM energy

At a fixed hadron collider energy:
More luminosity buys you more 

chances of collisions at the 
highest-energies

valence quarks

gluons

X = fraction of  proton momentum taken by each parton

32



How many can we find of each? 

size of dataset
“inverse femtobarns”

L L = instantaneous luminosity [beam intensity]
   Units = 1032 cm-2s-1

33



A jump in Energy helps
Pr

oc
es

s P
ro

ba
bi

lit
y

Energy

@ Tevatron
Top quarks/1010 collisions

Higgs/1011 -1012 collisions

@ LHC
Top quarks/107 collisions

Higgs/109 -1010 collisions



Geometric factor, 
related to crossing angle.

Revolution frequency

Number of bunches Bunch population

Transverse 
beam size

35

Luminosity is paramount



36

Tracker

4T Solenoid Magnet

Muon Chambers

And nothing wrong with 
having awesome detectors
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Tracker

4T Solenoid Magnet

Muon Chambers

And nothing wrong with 
having awesome detectors
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To catch and measure it all...



The Tevatron: A Storied Odyssey 

Discoveries

New elementary particles

New composite particles

Rare SM processes

Subtle behavior

New research areas

Precision measurements 

Tests for New Physics

Hunting down the Higgs



25 year Luminosity Evolution
A 7 orders of magnitude tour de force 

4x1032



25 year Luminosity Evolution
A 7 orders of magnitude tour de force 

4x1032

Oct-2010 25th Anniversary



A Luminosity Story

40
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(fb

-1
)

---------

FY04             FY05              FY06               FY07                FY08            FY09               FY10             FY11                        

~12 fb-1

single top discovery

top discovery

Charm-mixing

Bs → Φ Φ

diboson channels

WZ

exclusive ee/GG
exclusive charm

Bs-mixing
          

Z+b

ZZ

    

Y(4140) evidence

    

rare Bs decays

???

In many ways - even at fixed E - hadron colliders
are a nearly inexhaustible source of physics

Higgs exclusions !

CPV in Bs

di-mu asymmetry

Hints...

Tighter H exclusions !

NP exclusions

tighter NP exclusions

???

???



Digging...

~9 orders
of magnitude!

Jets

Heavy Flavor

W
Z

Wg Zg

WW
tt WZ Single

Top
ZZ

Higgs New
Physics?
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Digging...

~9 orders
of magnitude!

Jets

Heavy Flavor

W
Z

Wg Zg

WW
tt WZ Single

Top
ZZ

Higgs New
Physics?
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Physicists Discover Top Quark (1995)

CDF Results Raise Questions on Quark Structure (1996)

Collider Run II Begins at Fermilab (2001)

Fermilab Results Change Higgs Mass Estimate (2004)

What Happened to the Antimatter? Fermilab's DZero Experiment Finds 
Clues in Quick-Change Meson (2006)

Fermilab's CDF scientists make it official: They have discovered the 
quick-change behavior of the B-sub-s meson, which switches between 
matter and antimatter 3 trillion times a second. (2006)

Experimenters at Fermilab discover exotic relatives of protons and 
neutrons (2006)

http://www.fnal.gov/pub/presspass/press_releases

42



http://www.fnal.gov/pub/presspass/press_releases/

DZero finds evidence of rare single top quark; Observation marks a step 
closer to finding Higgs boson (2006) 

CDF precision measurement of W-boson mass suggests a lighter Higgs 
particle

Tevatron collider yields new results on subatomic matter, forces (2007)

Fermilab physicists discover "triple-scoop" baryon (2007)

Back-to-Back b Baryons in Batavia (2007)

Prelude to the Higgs:
A work for two bosons in the key of Z  (2008)

Fermilab physicists discover "doubly strange" particle (2008)

43
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SM

Discoveries on the Horizon?



Discoveries on the Horizon?
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Legacy measurements

0.7% 0.04%
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Observation of new heavy baryons

ssb

2006
2007 2008/2009

dsb

ddb

uub
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Searches for new particles
SUSY pushed up in energy

charginos/neutralinos > O(200) GeV

squarks > O(400) GeV 
(all gluino masses)

gluinos > O(300) GeV 
(all squark masses)

stop, sbottom > O(250) GeV

Other models and new 
generation particles also up 

b’ and t’ > O(400) GeV

W’ and Z’ > O(800) GeV
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tt samples - keep an eye on:



The Higgs Hunt

50

Artwork by 

2008

2 yrs later



The Higgs Hunt

51

Artwork by 

“low” mass

“high” mass2-std. dev. interval ~ [114,145]

~Inv. probability vs Higgs Mass

Most probable value:
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The Higgs search: a monumental effort

WH → lνbbZH → ννbbZH → llbb H → WW → lνlν



Higgs reach with more Luminosity

End of Run 2

Run 3 extension

With 10 fb-1 analyzed > 95% CL sensitivity is possible for all allowed SM masses !

Final tevatron results sometime in 2012...



The New [big] Kid in Town

54

The LHCThe Tevatron



The LHC plan to conquer the World

G. Altarelli

find



56
HEPAP	
  Mee*ng	
  -­‐	
  November	
  18,	
  2010	
  -­‐	
  

Washington	
  DC

They	
  sure	
  have	
  nice	
  event	
  displays	
  !

	
  A	
  ZZ=>	
  4-­‐mu	
  event	
  (CMS)



LHC’s 2010 Run

57

CM	
  Energy	
  @	
  7	
  TeV

Integrated	
  luminosity	
  ~48	
  pb-­‐1	
  	
  



Amazing Physics Output !
Expect 100-200 publications from this Run

Detectors very well understood

Tevatron experience in all areas well integrated

Enough data to validate the Standard Model

In some cases reach for new physics surpassing the 
Tevatron

Slew of new results presented at Winter Conf.

It is wonderful to see results from
 these two colliders, together.
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Amazing Physics Output !
Expect 100-200 publications from this Run

Detectors very well understood

Tevatron experience in all areas well integrated

Enough data to validate the Standard Model

In some cases reach for new physics surpassing the 
Tevatron

Slew of new results presented at Winter Conf.

It is wonderful to see results from
 these two colliders, together.
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And from the rest of the particle
physics experiments as well !



Universality of the laws of Physics

"All people know the same truth,

W. Allen - Deconstructing Harry

our lives consist of how we choose to 
distort it."

59

Top quarks in the US Top quarks in Europe



At the Terascale already !

60

Collision	
  CM	
  Energy	
  up	
  to	
  4	
  TeV	
  !

di-­‐jet	
  production

Uncharted waters

LHC	
  Searches	
  for	
  New	
  Physics-­‐2010

NoSUSY	
  :(



61

LHC enters the Higgs arena: H=>WW

95 % CL Limit 
for MH = 160 GeV

CMS 
(Bayesian)

Expected 3.0 x SM

Observed 2.1 x SM

95 % CL Limit 
for MH = 160GeV 

ATLAS 
( CLS )

Expected 2.7 x SM

Observed 2.1 x SM
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Betting on the Higgs Observation

63



The LHC show continues !

If 1033 achieved by the end of April ~1fb-1 before the end of June becomes a realistic goal.
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65

The next few years
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Will more reach will finally yield New Physics ?



In Summary

67

We appear to be standing at the threshold of a most thrilling 
journey of discoveries  and, as theories and predictions run wild, 
present and upcoming experiments  embark in the ultimate hunt: 

the unknown
HEP has a comprehensive plan



In Summary
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We appear to be standing at the threshold of a most thrilling 
journey of discoveries  and, as theories and predictions run wild, 
present and upcoming experiments  embark in the ultimate hunt: 

the unknown
HEP has a comprehensive planWhich should provide some fascinating answers



Young-Kee Kim, VIII Latin American Symposium on HEP, 6-12 Dec. 2010

Possible only thanks to your work !

zAnswers that will help determine the future colliders

Thanks for the invitation !



“What is a thing? The question is 
very old. What remains new is that 

it must always be asked”

                    - Martin Heidegger, What is a thing?
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BACKUP

70



1/25/2011Eric Prebys - LHC Talk, CMSDAS

The Long Road to Discovery
Even with the higher luminosity, still need a lot of time to reach the 

discovery potential of the LHC

Lots of new challenges between now and then!
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SUSY@1TeV

ADD X-dim@9TeV

Compositeness@40TeV

H(120GeV)γγ

Higgs@200GeV

50 x Tevatron luminosity 250 x Tevatron luminosity

Note: VERY 
outdated plot. Ignore 
horizontal scale.

Could conceivably 
get to 3000 fb-1  by 
2030.
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Internacional Linear Collider

Up to 500 GeV

New accelerators to study the New Physics
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Other discoveries

The Blogino

“Particles created by non-abelian Blog-Blog interactions. 
Bloginos typically are produced in a very excited state 
and with a high degree of spin. Even though all their 
properties have not yet been determined, it is commonly 
agreed that they exhibit considerable truthiness. They 
also have the annoying ability to propagate into extra 
dimensions, away from the blogosphere, and generate 
lots of phone calls.”  - JK
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27 countries

16 countries 23 countries

International Collaborations (ex: FNAL)



• Discovery science

• Materials research / manufacturing

• National security

• Energy and the environment

• Medicine

Today, ~30,000 accelerators are in operation around world

Young-Kee Kim, VIII Latin American Symposium on HEP, 6-12 Dec. 2010



References
The Tevatron Program

CDF:  http://www-cdf.fnal.gov/physics/physics.html

D0:  http://www-d0.fnal.gov/results/

The LHC program
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CMS Data Analysis School  Jan. 25, 2011

Machine upgrade path

Phase 0

Lint∼1fb-1

L∼1×1032

Phase 1
L=1-2×1034

Phase 2
LHC-HL

L∼5×1034

In
te

gr
at

ed
 lu

m
in

os
ity

2010                                             2015                                      2020                          

Lint=10-30fb-1

Lint∼300 fb-1

Lint=3000 fb-1

By 2030

SHUTDOWN
Phase-0 : 15 months: 2012 to spring 2013
Phase-1 : 12 months: entire 2016
Phase-2 : 18 months: end of 2019-early 2021

ECMS∼14TeVECMS=7TeV

78



Future of Fermilab

Young-Kee Kim, VIII Latin American Symposium on HEP, 6-12 Dec. 2010

DM: ~10 kg
DE: SDSS
P. Auger

DM: ~100 kg
DE: DES
P. Auger
Holometer?

DM: ~1 ton
DE: LSST 
WFIRST??
BigBOSS??

DE: LSST
WFIRST?? 

MINOS
MiniBooNE
MINERvA
SeaQuest

NOvA
MicroBooNE
g-2?
SeaQuest

LBNE
Mu2e

Tevatron
LHC LHC

LHC
ILC, CLIC or
Muon Collider

LHC Upgrades
ILC??

Now                      2013                      2016                       2019                      2022

Project X
(LBNE, µ, K, 
       nuclear, …)

ν Factory ??



Energy Budget 
of the Universe

• Stars and galaxies are only ~0.5%

• Neutrinos are ~0.1–1.5%

• Rest of ordinary matter 
(electrons, protons & neutrons) are 4.4%

• Dark Matter 23%

• Dark Energy 73%

• Anti-Matter 0%

• Dark Field ~1062%??

stars
baryon
neutrinos
dark matter
dark energy
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U.S. Experimental Journal Publications

Tevatron publication at ~100/year !
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CERN Experiments
Huge, general purpose experiments:

Compact Muon Solenoid (CMS)  A Toroidal LHC ApparatuS (ATLAS)

A Large Ion Collider Experiment 
(ALICE) B physics at the LHC (LHCb)
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Tevatron Combination
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Tevatron Physics Output

84

In 2009 about 50 journal publications/experiment/yr 
About 60 Ph.D.’s / year over the last few years

Stable tools and well understood detectors and data 



1/25/2011Eric Prebys - LHC Talk, CMSDAS

Stored Energy and Energy Density

LHC already
 ~1 order of magnitude beyond Tevatron in stored energy
 ~2 orders of magnitude beyond Tevatron in energy density

Machine protection dominates all aspects of LHC 
operation.
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Schedules...

Over the years

GIF – Annecy 2001 16

LHC Schedule

-04 Apr-04 Jul-04 Oct-04 Jan-05 Apr-05 Jul-05 Oct-05 Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07

Octant 

test

01/04 

to 

31/08

Last dipole

delivered

31/03

Ring closed

and cold

31/12

First 

beam

01/02

Physics 

run

7 months

L>2x10
33 

01/08 28/02

Pilot run

01/04 to 30/04

Shutdown

3 months

2004

2005

2006

2007

Pb-Pb run

6 weeks




