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 Born in Lawrence, Kansas, 1962

 “Born Again” as Christian in early 1970’s

 Graduated from Lawrence H.S., 1980

 Graduated from Baker University, 1984 
with B.S. in Mathematics and Physics

 Accepted into Ph.D. program in 1984 at 
the University of Kansas, joined the “High 
Energy Physics” research group

 Study, Stress, Soul-searching, Settled







 After passing the Ph.D. preliminary exam 
in 1986, departed for Hamburg, Germany



 DESY = Deutsches Elektronen SYchrotron



 ARGUS = A Russian, German, US, and 
Swedish collaboration



 e+ e- annihilations at center-of-mass energy      
E = 10.580 GeV (Einstein’s equation E = mc2)

_
 Of great interest: e+ e- → b   b  (b quark & anti-b quark)



e+ e-



 Extremely Steep Learning Curve!



 Contributing to the Experiment:

- Compute Radiation Background for new vertex detector

e+



 Published in Nucl.Instrum.Meth.A283:544-552,1989



 Now for Dissertation Topic – Weak Decays of B 
Mesons (b quark & anti-quark bound states)



 Chosen Method: Fully 
Reconstruct B Mesons 
from their weak decays 
to Charm and Pi Mesons 

 Advantages: b → c 

transitions expected to 
be greater than to any 
other quark

﴾
u
﴿ ﴾

c
﴿ ﴾

t 
﴿d         s        b  

 b → t transitions not 

allowed by Energy cons., 
b → u transitions highly 
suppressed



 Method: Combine detected particles to form 
candidate D Mesons, then candidate B Mesons, 
look for signal at M = 5.28 GeV/c2 above noise

 Published in Phys.Lett.B215:424,1988. 



 Most Important Discovery made by ARGUS:

_
B → B Oscillations

A Particle actually transforms into its Anti-Particle!



 B Meson Mixing expected to be quite small if the 
as-yet-undiscovered top quark was not heavy

(mu ≈ 3 MeV/c2, md ≈ 6 MeV/c2, ms ≈ 120 MeV/c2,

mc ≈ 1200 MeV/c2, mb ≈ 4200 MeV/c2 = 4 GeV/c2)

Naively, theorists expected mt ≈ 30-40 GeV/c2

» B Meson Mixing at the level of < 1%



 Method: Look for B decays involving leptons:

_                  _
B → e+ or μ+ and ν B → e- or μ- and ν



_
 Since e+ e- → b   b 

↓   ↓
ℓ- ℓ+ for 2 semileptonic decays

No B mixing yields only opposite charge leptons

 If B mesons do oscillate expect
_

e+ e- → b   b → b
↓           ↓
ℓ- ℓ-

B mixing yields like sign charge leptons



 Results: B mixing observed, including one fully 
reconstructed event e+ e-→ B0 B0 (after oscillation)

 Published in Phys.Lett.B192:245,1987



 ARGUS found that 20% of B Mesons oscillated 
prior to decaying, a totally unexpected result! 

implied mt > 50 GeV/c2

 Top quark discovered at Fermilab in 1995:

actual mt = 175 GeV/c2



 More implications for physics research:

Particles can behave differently than anti-particles 
(CP violation) due to an asymmetry in transitions 
quark → quark and anti-quark → anti-quark.

 B mixing provides an ideal way to study this:

_
Does B → CP eigenstate have same rate as B → CP eigenstate?

If no, then we have observed CP violation.

The standard model predicts a measurable effect 
and recent experiments agree with predictions.



 CP Violation observed in B Meson decays reveal 
that matter behaves differently than anti-matter.  
Can this explain why the universe is composed 
predominantly of matter rather than anti-matter?

 Following the Big Bang, there should have been 
equal amounts of matter and anti-matter as the 
universe began its expansion and cooling off.

 However, some CP violating interaction had a bias 
for matter over anti-matter (1 part in 109).

 As the universe cooled nearly all of the matter 
annihilated with the anti-matter, leaving a matter 
dominated universe.  Can we discover the source 
of this CP violating interaction?  Huge question!



ARGUS – a small collaboration contributing big physics!





 Returning to Hamburg, Germany 20 years later



 My Russian Friends remembered me!



 Catching up with old friend Joachim Spengler



 Still looking young! Hartwig Albrecht, Henning Schroeder, 
and ARGUS Spokesman Walter Schmidt-Parzefall



 My tough Russian referee, Michael Danilov, 
talking with my Slovenian friend, Mark Plesko



 Getting together for one more Picture




