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Some photographs...
Winter 1969-70 Desolation Valley, 

Pyramid Peak Wilderness, Sierra 
Nevada, snowshoe, ski trip...
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Summer 1970 – Minarets Wilderness 
Sierra Nevada...

Mike and George Gaffney(?) going 
north while three of us were going 
south...  
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Causality?

Causality, unitarity, bounded cross 
sections ⇒ forward dispersion relations

 Real part of forward  πN scattering 
amplitude is determined by cross section 
and coupling constants.
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•	
 There are acausal theories where violation of dispersion relations could be 
pushed to arbitrarily high energies.

•	
 First contact with BNL!

•	
 Letter (now lost) from Sam Lindenbaum...

•	
 Paper has 3 citations! 
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An amusing challenge for lattice QCD in 2014

⇒

Virtual photon helicity ±1

Double helicity flip?
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Photon double helicity flip is sensitive to

•	
 Gluons in target with spin ≥ 1

•	
 But only those not associated with a single nucleon

•	
 Possibly very small, but very interesting...
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•	
 Either measure azimuthal dependence, or

•	
 Compare cross sections with spin rotated by 90º

Measure

 •	
 Scattering of unpolarized electrons 
from a spin ≥ 1 target.

•	
 Aligned at an angle (e.g. 90º)   to 
the electron beam.
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A tower of gluon operators that is independent of 
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Interpretation?
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Lattice calculation?

•	
 What nucleus?  

•	
 Lowest moment is a spin-4 operator...

•	
 Will Detmold (MIT) & Phiala Shanahan (Adelaide) -- work in progress!


