
Rutherford scattering-like 
experiment

over and over again



            

 

                        

                       

               

                

         

                

                 

                         

             

            

                                 

                     

               

                         

                     

      

                                                                                                                                     

                                                                                                                    

1950s (Hofstatdter et al): ep → ep
Measure scattering angles.
Compare with Mott formula (relativistic equivalent of Rutherford’s that include effects
of spin and magnetic moment) assuming that proton is a point particle (no size)
Found deviation at very large angles, extracted estimate of size of proton 

R ~ 0.8 fm = 0.8 10-15 m.
  



“Deep Inelastic Scattering”, 1960s, 70s:  increasing the energy of the electrons, proton breaks up.

Confusing.
Eventually (Bjorken, Feynman…) proposed that analyzing the data in a clever way one could 
understand the inelastic scattering process in terms of elastic scattering from point-like charged 
 particles inside the proton (QUARKS)

  

 

            
                  

           

               

 
        
             

              

          

                

                                                                                                                             

                                                                                                                                  



Obviuos Question

Are quarks also made up of other 
stuff?



LHC: collide protons at a center of mass
energy of 7 TeV (2011), 8 TeV (2012), 13 TeV (2015)

http://www.quantumdiaries.org/2010/12/03/but-what-are-quarks-made-of-part-2/



If quarks were “composite”, ie, made up of smaller things, would see 
more scatters at high angles than expected (or, equivalently at high
momentum transverse from the original beam direction.  Details depend
on what these smaller things are etc, but the generic statement holds.



We actually do not see quarks directly in the lab.
When they are kicked out of a proton, they materialize as
sprays of particles (“jets”) that retain (more or less) 
information on the original momentum of the quarks 



We can calculate the expected transverse momentum (PT) 
distribution of jets in proton-proton collisions and compare it
with data.  An excess of events at high PT (ie: large angle) would
be a signature of “quark compositeness”.
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 is a parameter with units of energy that characterizes the “compositeness scale”.
Remember: in “natural units” [Energy] = 1/[Length]  (!).
10 TeV corresponds to  2 10-20 m, ie, ~ 10,000 times smaller than the size of the proton
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