n1= (*4-momenta in the LAB frame, before collisionx)

mlc mlvl
in2;= Pp1LAB = s 5 MatrixForm[plLAB]
\1-vi?/c? f1-v1? /¢
m2c m2 v2
p2LAB = , 5
Ji-v22 /2 q1-v2? /¢
MatrixForm[p2LAB]
Out[2])//MatrixForm=
cml
v
ml vl

n4:= (xLorentz boost with general velocity vx)

1
Alv_] t= —— {{1, -v/c}, {-v/c, 1}}
1-v?/c?

MatrixForm[A[V]]

Out[5)//MatrixForm=
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nel= (*Find the velocity V of the center of mass (COM) frame where total momentum is Ox)
A[V]. (p1LAB + p2LAB) // MatrixForm
sol = Solve[ (A[v]. (p1LAB + p2LAB)) [2] == ©, v] // FullSimplify

Out[6)//MatrixForm=

mlvl m2 v2

=iz e

ng= V= (v /. sol) [1] (xV denotes the velocity of the COM frame in the LAB framex)

m2 4[1- %2 v2imivl 41 T
m2\/1——2+m1\/1 Vc—zz

nor= (*Transform to the COM frame, but don't write in v=V yet,

out[g]=

it would look very complicatedx)
MatrixForm[p1lCOM = A[v] .p1LAB]
MatrixForm[p2COM = A[Vv] .p2LAB]

Out[9)//MatrixForm=

cml mlvvl
2 2 2 2
it 1Y 1
2 2 2 2
mlvl

Out[10])//MatrixForm=

cm2 m2vv2
B T Y E T Y
2 l 2 Z

m2 v2
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nt1= (*The important physical

Practice03_Problem5.nb | 3

input: in the COM frame the collision flips the spatial part of the 4-
momenta. This is the only way energy- and momentum-conservation can hold. %)

(*The 2nd p stands for prime in the variable names,
i.e. 4-momenta after collision: the 3-momentum is flipped, the energy is the samex)

MatrixForm[plpCOM = {{1, @}, {©, -1}}.p1COM]
MatrixForm[p2pCOM = {{1, @}, {0, -1}}.p2COM]

Out[11]//MatrixForm=
mlvvl

cml
> P > P
1-Y 1 1t 12
2 2 c? 2
ml ml vl
2
@

v
v2 ’ v1? , %
17; 17? 1-

Out[12]//MatrixForm=

v1?

2

m2vv2

cm2

B T Y E R
2 c? 2 c?
m m2 v2

2 v
2 2 2 2
Y 1L 12
C C C C

ni3= (*Transform back to the LAB frame: Lorentz transformation with -v. x)

FullSimplify [MatrixForm[plpLAB
FullSimplify [MatrixForm[p2pLAB

Out[13]//MatrixForm=
cml (c+v (v-2v1))
v1?

2

2 2
(c2-v?) 176

ml (v2vi+c® (-2v+vl) )

v1?

2

(c2-v?) 4[1-

Out[14]//MatrixForm=

cm2 (c+v (v-2v2))
(c2-v?) 1

2

m2 (v2v2+c® (-2v+v2) )

(c2-v?) 1—\/:—2:

A[-V].p1pCOM] ]
A[-V] .p2pCOM] ]
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nis= (xWe get the end result,
i.e. the 4-momenta expressions after collision in the LAB frame,
in terms of the masses and incoming velocities, if we substitute V in the place of vx)

FullSimplify [MatrixForm[plpLAB /. v -» V]]
FullSimplify [MatrixForm[p2pLAB /. v -» V]]

Out[15]//MatrixForm=
2 2
cml [v2 (-m1? v2+em2? —2v1+v2))+c2 m12+m22+2m1m24/1—£ Jlf%
C
41 Y 22m2? L [1- 3 v22s2mim2viv2 4[1- L e [m? w2 L)1 3 s2mim2 4 [1-
2
m12 vi-m22 (v1-2v2)+2mlm2 1[1—3 v2 1[1—2
2,52 2 2 2 vi? 2 VZZ
1-— v2°+m2 v2©+2mlm2vlv2 Z -c® |ml +m2 — +2 ml m2

3 >
mi2em22s2mim2 4[1-2 L [1-22 ]]
2 2

2 2 2
2mim2vi 41 vaema2vi? L1 +m22 vi? 1% 2mlm2 \/17% +m12 \/17% +m22 \/17%
c
;
12 (2v1-v2) em22 v2:2mim2 vl 415 ~ 12

- 2 2
amim2vi Af1-Y varm?va? 4J1-% wm22vi? L [1-F ¢ [2mim2 \/LV— +m1? \/17“— +m2? \/173
2 2 ? 2 2 2

n71= (*Checking 4-momentum conservations)
pP1LAB + p2LAB // MatrixForm
plpLAB + p2pLAB // MatrixForm // FullSimplify
(*The two should be equal, if the transformation velocity v is V,
which brings us into the COM framex)
p1LAB + p2LAB == p1pLAB + p2pLAB /. v » V // FullSimplify

ml |- ( (m12+m22> vl VZZ) +c?

Out[16]//MatrixForm=

cm2

vl (-m2? vi+m1® (v1-2v2))+c?

m2

- ((m1%+m2?) v1® v2)+c?

Out[17]//MatrixForm=

cml cm2

v1? v2?

- 177

c? c?

mlvl m2v2
L L L
v1? v2?

- 177

c c?

Out[18]//MatrixForm=
v1?

cm2v 17—2 (v-2v2)+cmlv (v-2vl) -
C

2 2
A £ +ml z
(c-v?) 1=
v1? v2?
-m2 v? = v2-miv?v1 +c? [m2 ——2 (2v-v2)+ml (2v-v1) 1——2
C

(c-v?) 1—VC—1: l—vc—zz

out[19]= True
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