Bubble Chamber Detective: Part I




Name ____________

1) The parallel lines show the paths of K- particles injected into a liquid hydrogen bubble chamber. Which way are they traveling?

a)Up 

b)Down

c)Not enough information

The collisions happen downstream, so the kaons must be moving up.
2) What is the direction of the magnetic field?

a)Into the page
b)Out of the page
c)Right     d)Left
e)Not enough information
The beam of negative particles is bending to the right, so the field must be either in or out of the page. By the left hand rule (or reversed right hand rule) it is into the page
3) What are the charges of the particles that leave point A?

a)Two positive
b)Two negative
c)Positive- top,  negative-below
d)reverse

The bottom one curves right, just like the kaon, so it must also be negative. The top curves left and must be positive. It turns out that these are pions.
4) What is the charge of the particle that produces the event at point A?

a)Positive
b)Negative
c)Neutral
d)Not enough information

Charge must be conserved, so it should be neutral.
Charged particles moving through the liquid hydrogen, ionize the hydrogen and cause bubbles to form. Neutral particles leave no trail. 

5) Why don’t we see the neutral particle heading toward point A?

a) Neutral particles don’t cause bubbles 
b) the particle wasn’t moving 

c) The particle was moving too fast

6) Which particle has more momentum?

a)Positive

b)Negative
c)The momenta are equal
d)Not enough information

The magnetic force causes the curving and qvB = mv2/r. Therefore momentum, mv = qBr. It turns out that the particles all have charges of +/- e. Furthermore, the field B is constant.  Therefore the momentum is directly proportional to the radius. The negative one is curving just a little bit more, i.e. it has a smaller radius, so its momentum is less.
7) Which way was the neutral particle traveling before it decayed? 

In order to conserve momentum, it must have been moving up and to the left. 

8)  How many particles leave point B ?

a)Two

b)At least two

c)Three

There are two tracks, so there are at least two. There may be neutral particles as well.

9) What are the charges of the two charged particles?

a)The right is positive, the left is negative 

b)The left is negative, the right is positive

c)Both are negative




d)Both are positive
 The right curves left so it must be positive. The other track is too short to see a curve but should be negative to conserve the kaon’s charge.

10) How can a negative kaon produce a positive and a negative particle? The negative kaon interacted with a positive particle. That particle was not visible because it 

a) was not moving
b) was moving too fast
c) was moving out of the page

The liquid hydrogen  is a source of many positive particles that are not moving.

11) What happened at C? A negative particle

a)collided with a neutral particle.


b)collided with a positive particle

c)decayed into a positive + a neutral

d)decayed into a negative + a neutral 

We see the track of a negative particle and evidence of a neutral particle downstream at D. 
There are essentially no neutral particles to collide with - that’s why liquid hydrogen is used. So it must be a decay.

12) What happened at D? The neutral particle

a)collides with a neutral particle.


b)collides with a positive particle

c)decays into a positive and a negative  particle

The left one is clearly negative. The other one is either positive or negative. 

If it is negative, we have two negative charges from a neutral particle, which won’t conserve charge.
13) How is momentum conserved at B, C and D?

a) The kaon is moving so fast, that its momentum appears to be unaffected  

b) There must be neutral particles opposite the apparent increase in momentum

Momentum is always conserved; therefore there must be another explanation. 

14) Which of the particles that travel between points D and E has the larger momentum?

Again, based on constant magnitude of q and the constant field B, momentum is inversely proportional to the radius of curvature.
15) Does the neutral particle that decays at point D come from point C or B ?

It’s a close call, but a line joining the two intersection points is the direction of the total momentum. This momentum can be traced back to C not B.
