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ARE THERE UNDISCOVERED PRINCIPLES OF NATURE :  

NEW SYMMETRIES, NEW PHYSICAL LAWS?
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HOW CAN WE SOLVE THE MYSTERY OF DARK ENERGY?

3
ARE THERE EXTRA DIMENSIONS OF SPACE?
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DO ALL THE FORCES BECOME ONE?

EINSTEIN’S DREAM OF 
UNIFIED FORCES
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CMS DETECTOR AT THE LARGE HADRON COLLIDER The LHC, currently under construction in Geneva, Switzerland, should have enough energy to produce all or most of the 

superpartner particles, either directly or through the decays of other superpatners, to determine the pattern of superpartner masses and decays. Credit: CERN

BABAR (DETECTOR) at Stanford Linear Accelerator Center already constrains theoretical models for the physical mechanism that breaks supersymmetry. 

Future precision studies will allow physicists to disentangle the flavor structure of supersymmetry through subtle changes to decays of B mesons. 

Credit : Stanford Linear Accelerator Center

SUPERSTRINGS A computer’s graphical representation of multi-dimensional 

spacetime. Credit: Jean-Francois Colonna

SUPERSYMMETRY Simulated response of linear collider detector to 

supersymmetry displaying the characteristic signature of a lepton, a 

hadronic jet and missing transverse energy. Credit: Norman Graf

THE FERMILAB TEVATRON may have enough energy to produce detectable 

signals of the lightest superpartners. Credit: Fermilab

DARK ENERGY :DARK ENERGY :DARK ENERGY :DARK ENERGY :DARK ENERGY :DARK ENERGY :

73%73%

ATOMS :ATOMS :ATOMS :ATOMS :

4%4%

DARK MATTER :DARK MATTER :DARK MATTER :DARK MATTER :DARK MATTER :DARK MATTER :

23%23%23%

SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, SINCE EINSTEIN, 

INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE INVESTIGATIONS OF THE MICROWAVE 

BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN BACKGROUND RADIATION HAVE SHOWN 

THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD THAT NORMAL VISIBLE MATTER PLUS COLD 

DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY DARK MATTER CAN ACCOUNT FOR ONLY 

ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR ABOUT 30% OF THE CONTENT OF OUR 

UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK UNIVERSE. THE REMAINING 70% IS DARK 

ENERGY.ENERGY.ENERGY.ENERGY.ENERGY.



THEORY THINK TANK AT SLAC

Credit: Peter Ginter

THEORIST JOE LYKKEN

Credit: Chicago Tribune Magazine

AN INTERNATIONAL SCIENCE Fermilab’s DZero collaboration. 

Credit: Fermilab
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WHY ARE THERE SO MANY KINDS OF PARTICLES?

6
WHAT IS DARK MATTER?

HOW CAN WE MAKE IT IN THE LABORATORY?
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WHAT ARE NEUTRINOS TELLING US?

THE PARTICLE WORLD
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DARK MATTER MAP  The total mass within giant galaxy cluster CL0025+1654 is 

the sum of the galaxies themselves, seen in yellow as ordinary luminous matter, 

plus the cluster’s invisible dark matter shown in blue. The cluster’s dark matter 

is not evenly distributed, but follows the clumps of luminous matter closely. 

Credit: J.-P. Kneib Observatoire Midi-Pyrenees, Caltech. ESA, NASA

INSERT CAPTION  Credit: FermilabNEUTRINO EVENT in the MiniBooNE experiment at Fermilab. The ring of light, 

registered by some of more than one thousand light sensors inside the detector, 

indicates the collision of a muon neutrino with an atomic nuclei. Credit: Fermilab
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CLEO DETECTOR CLEO detects, measures and analyzes electron-positron 

collision events generated by CESR. Credit: Cornell–Wilson Laboratory

LARGE HADRON COLLIDER Credit: CERN THE MILKY WAY GALAXY  

Credit: Allan Morton / Dennis Millon / SPL
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NUMI Horn for focusing particles at the NuMI experiment, which will search for neutrino mass. Neutrino mass can, in principle, turn matter into antimatter and back, and can change the balance between them. Credit: Fermilab

THE MICROWAVE SKY The first detailed, all-sky picture of the infant universe. The WMAP image reveals 13 billion+ year old temperature fluctuations (shown as color 

differences) that correspond to the seeds that grew to become the galaxies. Encoded in the patterns are the answers to many age-old questions, such as the age and 

geometry of the Universe. Credit: NASA / WMAP Science Team
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THE EARLY UNIVERSE 

When matter and antimatter annihilated at the big bang, 

some tiny asymmetry...

TODAY’S UNIVERSE ...produced our universe, made entirely of matter. 

Credit: Hitoshi Murayama
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RHIC  An end view of a collision between deuterons and gold ions captured by 

the STAR detector at Brookhaven’s Relativistic Heavy Ion Collider, which will 

help study QCD phase transition. Credit: Brookhaven National Laboratory
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(INSERT COMPUTING TEXT)

  _client = new hep.babar.DistObjTree.Client();
  _context = context;
  _updateTime = _context.getUpdateTime();
  _verbose = _context.getVerbose();
  _timer = context.getUpdateTimer();
  
  _startTime = _context.getStartTime();
  _endTime = _context.getEndTime();

  if (_startTime != null)
  {
   _startTimeSec = _startTime.getSeconds();
   _endTimeSec = _endTime.getSeconds();
  }

  _histUpdatable = new Updatable() {
   public void update()
   {
    long t0 = System.currentTimeMillis();

    for(int i=0; i<_updatables.size(); i++)
    {
      Updatable u = (Updatable) _updatables.elementAt(i);
      u.update();
    }

    Server.message(2, “Data for “ + getLabel() + “ updated. [“ +
          (System.currentTimeMillis() - t0) + “ msec]”);
   }
   public void addUpdateListener(UpdateListener listener) {}
   public void removeUpdateListener(UpdateListener listener) {}
   public void notifyUpdateListeners() {}
  };

  try {
   _connected = connect();
  }
  catch (hep.babar.JasInterface.Connection.ConnectError e) {
   // Thatʼs OK.  Weʼll try to reconnect periodically.
      //System.out.println(“DotConnection.ConnectError: “+e.toString());
  }

}

public boolean isConnected() {
  return _connected;

}

public static Connection[] cmdline (String [] argv, 
          ServerContext context) {
  Vector connVec = new Vector();
  DotConnection conn = null;
  try {
   GetOpt args = new GetOpt(“$n@(name)i@(ior)”, argv);
   // name arguments are of the form label@facilityName/clientName

   if (args.hasOption(“name”)) {
    Vector nameVector = args.getOptionMulti(“name”);
    int numNames = nameVector.size();
    for (int i=0; i < numNames; i ++) {
     String fullName = nameVector.elementAt(i).toString();
     StringTokenizer st = new StringTokenizer(fullName, “@”);
     String label = “”;
     String namePath = “”;

     if (st.countTokens() == 1) {  
      // if no @, then just have name
      namePath= st.nextToken();
      label = namePath;
     }
     else {
      label = st.nextToken();
      namePath = st.nextToken();
     }
     conn = new DotConnection(label, namePath, context);
     connVec.addElement(conn);
    }
   }
  }
  catch (hep.babar.JavaUtil.GetOpt.InvalidArgument e) {
   System.out.println(e);
  }
  
  connVec.trimToSize();
  DotConnection [] connArr = new DotConnection[connVec.size()];  
  connVec.copyInto(connArr);
  return connArr;

}

public boolean connect () 
  throws hep.babar.JasInterface.Connection.ConnectError {
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