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Particle Physics – Inelastic Scattering

  The photo on the next page shows charged particle tracks in the Saclay 80-cm bubble chamber at the CERN Proton Synchrotron. The photo presents the chamber image at twice its actual size, i.e. 2 cm on photo represents 1 cm on the bubble chamber surface. As indicated in the diagram below, a negative kaon (K) entered from the bottom, left track 1, and came to rest at vertex A. A strong, nearly uniform magnetic field (1.7 tesla) was directed perpendicular to the plane of the photo toward the viewer. The magnetic field produced curvature in the tracks of charged particles moving in the photo plane.

  Why do the tracks leaving vertex A indicate that the kaon was at rest at A?


       4

Why do those tracks indicate that the kaon interacted with another particle rather than decayed?

  B        A


         2            3

Why was the particle with which the kaon 


  1 


interacted likely to be a stationary proton?

If the kaon and proton interacted at rest, the following reactions can be ruled out because they violate one or more conservation laws for strong interactions (charge, energy, baryon number, strangeness). Indicate the conservation laws(s) violated for each proposed interaction.
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Photo (tracks twice actual size) from film of a Stopping K- run at CERN in the Saclay 
80 cm Hydrogen Bubble Chamber. Adapted from H. Whiteside, Elementary Particles, 1971, photo courtesy of the University of Maryland High Energy Physics Group. 

List five different two-particle interaction results that do not violate conservation laws.


K + p+ ( 


K + p+ ( 


K + p+ ( 


K + p+ ( 


K + p+ ( 

Of the five possibilities above, two result in the production of neutral particle. Why can these be ruled out?

Why can we conclude that the particles that left tracks 2 and 3 had equal momentum magnitudes?

Which track (2 or 3) was left by the particle with greater mass? Explain your reasoning.

Which particle (2 or 3) had positive charge and which had negative charge? 
Explain your reasoning.

What particle type is most likely to have made track 2? Call this particle 2.
Explain your reasoning.

Suppose track 3 was made by a positive pion ((+). Determine the following characteristics of particle 2:


       Electric charge = ________


       Baryon number = ________


Strangeness number = ________

  Now determine the mass of particle 2 by measuring the radius of curvature of track 3 and applying momentum and energy conservation to the interaction.


Measured pion track (3) radius of curvature:
  r(m = ______ ± _____ cm


True pion track (3) radius of curvature:  r(m/2 = r( = ______ ± _____ cm

Pion momentum: 


     p( = 3Br( = ______ ± _____ MeV

For B in tesla and r in cm, p is in MeV units (c = 1).

Particle 2 momentum:



     p2 = ______ ± _____ Mev

Pion energy:


       E( = 
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 = ______ ± _____ MeV

(m( = 140 MeV)

Particle 2 energy:

    E2 = mK + mp – E( = ______ ± _____ MeV


(mK = 494 MeV   and   mp = 938 MeV)

Particle 2 mass (MeV):
        m2 = 
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 = ______ ± _____ MeV

Identify particle 2: __________

Does this correspond to your earlier determination of the identity of particle 2?

Particle 2 traveled to vertex B.  Describe what you think happened at vertex B, and explain your reasoning.

Challenge: About 99.85% of all ( particles decay into a negative pion (() and a neutron (n0). Assume this process ((  ( (  + n0 ) occurred at B, and assume all the particles in the decay moved in the photo plane. Measure the radius of curvature of the particle 4 track. Compute particle 4’s momentum (p4). Measure the angle (() between the tracks of particle 2 and particle 4. Show momentum (vector) and energy are conserved with ( = 78( if particle momentum values are p4 = 179 MeV, p( = 219 MeV, and pn = 310 MeV. 

Extra challenge: Show how the (( and n0 momentum values can be derived.
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