Fishing the Heavy Seas

To many, the proton (link to http://en.wikipedia.org/wiki/Proton ) does not carry an air of mystery.  Everything we see, smell, touch, and taste contains protons and scientists have known of their existence since the proton's discovery by Rutherford in 1918.  However, as physicists began exploring the interior of the proton, they found themselves adrift in uncharted waters.  Scientists learned that the proton is made of three quarks, but inside the proton they also observed a roiling and frothing sea of “virtual” particles that splash in and out of existence.  This proton sea, awash with both massless gluons and massive quarks, is responsible for such fundamental proton properties as its mass and internal structure.  Physicists from the DZero experiment have recently concluded an expedition into the proton, fishing for the heaviest quarks swimming deep in the proton's sea.

Theories based on quantum chromo-dynamics (QCD) can predict the properties of the proton sea.  One complication is that the different quarks have vastly differing masses.  The heaviest quarks (such as bottom & charm) should have a harder time popping into existence, while the lighter quarks (up, down, & strange) should be more ubiquitous.  Therefore predictions describing the heaviest quarks within the proton sea are extremely hard to test due to the relative scarcity of these heavy quarks.  DZero physicists have proposed to probe these hefty denizens of the deep using the Tevatron's proton-antiproton collisions.  Using photons produced along with heavy quarks, scientists can attempt to chart the proton's sea.  By testing the QCD predictions for this signature, DZero's researchers can provide an invaluable test that can improve searches for new physics at both the Tevatron and the LHC.

Using one inverse femtobarn of data, DZero scientists studied proton-antiproton collisions that produced a high energy photon.  Using algorithms to identify charm and bottom quarks, they focused on events with the signature of a heavy-flavor quark.  Their results indicate that modern QCD calculations reliably predict the rate and kinematics of events including bottom quarks.  However, in events with charm quarks the researchers observed a deviation from the QCD prediction.  This is the first measurement of this type at the Tevatron and it provides an indication that theories may need to be modified.  With nearly five times more data recorded at DZero, these researchers will continue casting about for heavy quarks in the proton sea, improving our understanding of this very curious particle.

Read more ( http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/QCD/Q10/ )

Figure caption:  This figure shows the production rate for photons in association with a bottom quark (left) and a charm quark (right) as a function of photon transverse momentum and for two angular relationships of the photon and quark.  The measured results (red & blue dots) are compared with QCD theory predictions.  While the photon + bottom quark results agree with theory, the photon + charm quark results disagree for larger photon momenta.

Photo caption 1:  A team of DZero physicists made primary contributions to this result.  Not pictured: Michael Begel of Brookhaven National Laboratory.

Photo caption 2:  DZero's heavy-flavor quark identification team produces and maintains the algorithms used to identify bottom and charm quarks.  Their efforts are necessary for a large range of physics analyses, including top measurements, Higgs searches, and the analysis shown here.

