loday

[. Last Time
II. Extended Example of Relativistic Energy-Momentum

Conservation

I.  Yanpe1 Deng will help 1n the lab. She’s available M TuW from
/-8pm 1n Brody lab.

Antu Antu will be providing homework support. Possible hours
are: 1u 8-9pm, Th10:30-11:30am, 1'h 8-9pm.

Hw due: Thursday 10pm
Lab Reports now due: Saturday Spm.
First exam 1s a take-home exam, it will be posted this Friday and

be due the following Thursday at 10pm.



I. Last Time

Talked about massless particles and how they are possible 1n

special relativity. In general

E>—p?c?=E*—7 - pc? = m*c?,

and for a massless particle this becomes

E =pc= I?Ic=\/p§+p§+p§c=\/p’- D c.

In S.R. we have conservation of relativistic energy and

momentum! We can write this in terms a 4-vector equation

H =0,1,2,3
ptot 1 ptot f #

orves all 4 equations. Recall,

E
p,u — (;apxapyapz)-

2 == s

Defimitions: E = ymc*, p = ym



I1.

Energy-momentum 4-vector. So far we’ve thought of y as a

function of v:

Recall v = 5/y,
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Surprisingly, the conservation law 1n 1ts 4-vector form 1s all we
need to analyze many relativistic collisions. While 1t can be hard to

believe, no more information 1s needed.



I1. Surprisingly, the conservation law 1n 1its 4-vector form 1s all we
need to analyze many relativistic collisions. While 1t can be hard to

believe, no more information 1s needed.

Back 1n the 60°’s and 70’s people thought neutrinos might be
massless, since then we’ve learned that they are not. However, they
are very low mass. It’s an approximation, but for the rest of this

course you can treat them as massless (unless I tell you not to).

MeV

Cc2

#~: muon, like a heavy electron m, = 105.7

v,: muon neutrino, “little neutral one”

1
m, ~ 1—06\//62 =1.78 x 10"kg = 0.

Example: #7 — p~ + 1, here the overbar indicates




II. Example: = — pu~ + 7, here the overbar indicates

=

(before) #
(after)

What’s the energy of the muon? Conservation of energy says that:
mc*=E,+E,=E, +|p,|c.
Conservation of momentum says that
0=p,+7p,
Notice both from the picture and from this second equation

P =1P,l




II. What’s the energy ot the muon? Conservation of energy says
that:
=E,+E,=E +|p,lc
Conservation of momentum says that
0=p,+7D,.
Notice both from the picture and from this second equation
|P7,1 =1P,|. Then we know that
=E,+|p,lc
T'he final ingredient 1s the energy-momentum mmvariant

E2 — p/fc = mjc4 (u labels muon here)

2 — 2 2 .4
pﬂ =E, —mﬂc = Ipﬂlcz\/Eﬂ—mﬂc
Then

mﬂczzEﬂ+\/E5—mic4




II. Then

2 _ 2 _ 2.4
m.c —EM+\/Eﬂ m,c".

We rewrite and square
(m],c2 — Eﬂ)2 = m; 204 —2m, 62E + E2 E2

2c + m2ct = =2m, czE
U 7k
2c +m/fc2
E =

2m




