Particle PhysicsHomawork

Due:June20th,2001

. Giventhemasse®f thefollowing particles work out their resteneny.

(@) proton:1.672 x 10~2"kg
(b) neutron:1.674 x 10~ 27kg

(c) Now usingyour Particle DataGuide(PDG)Jook uptherestmassof ther™
andy. UsingEinsteins equationcalculatetheir enegiesin Joules.

. In classwe shovedthatthereaction
Ve + p+ —n+et

obeys the conseration laws and occurs. For the following two equationsuse
theconsenationlaws to seeif thereactionscould occur

l/e—l—n—>p++e_
17€—|—n—>p++e_

If the reactiondoesnot obey the conseration laws, statewhich law(s) were
broken.

. Recallthat muonsappearwhen protonsfrom spacecollide with nucleiin the

earths upperatmosphere Thesereactionsoccur at altitudesof 6&m or more.

Thelifetime of amuonin its restframeis only 2.2us andmuonstravel at speeds
of 2.994 x 108% or 0.998¢. Using this information, naively we find that the

muonscanonly travel 660 meters.

d = vty = 2.994 x 108§ x 2.2 x 1055 = 660m

We know (becauseve paid attentionin class)thatrelativity canhelpus under
standhow themuonreachegheearth.

(a) Calculatethelifetime of themuonin thereferencdrameof anobsenreron
earth.

(b) Usingthislifetime, calculatethe distancethe muontravels.

(c) Fromthe perspectie of themuon(i.e. anobserer “riding on” the muon)

calculatethe distanceit travelsto earthusingthe relativistic equationsve
learnedn class.



