Problem #1 :

In[-]:=

In[-]:=

Clear["Global "]

g = DiagonalMatrixl, -1, -1, -1)];
g /I MatrixForm

Outl[-]//MatrixForm=

In[-]:=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

In[-]:=

Out[-]=

1 06 0 0
0 -1 0 ©
06 06 -1 0
6 6 0 -1

pl={el, 0, 0, +pz};
p2={e2, 0, 0, -pz};
pl2 = pl+p2;
p2.g.p2

e2? - pz2

pl2.g.pl2

(el + e2)2

eqs={pl.g.pl==ml2, p2.g.p2 ==m22, pl2.g.pl2 == s}
{el2 —pz?-=ml2, e2?2 - pz? ==m22, (el+e2)? =- s}

sol = Solveleqs, {el, e2, pz) / Simplify;
sol[4]

ml2 -m22 +s -ml2+m22+s \/m122+(m22—s)2—2m12 (m22 + )

{e1->—,e2—>—, pz »

2 4/s 2 /s

tmpl = pz /. sol[4]

\/ml22 +(M22 - 5)2 -2 m12 M22 + S)
2 4/s

tmp2 = (4 s) tmp1? i Expand

m122 -2 ml2m22 +m22%2-2ml2s-2m22 s + s>

delfa_, b_, c_]=a2+b2+c2-2(ab +bc+ca);

delml2, m22, s]== tmp2 / Simplify

True

24/s

)
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Problem #2:

a) CMS System

nl-]= Clear["Global "

mn[]= g=DiagonalMatrix[{l, -1, -1, -1}1;
g /I MatrixForm

Outl[-]//MatrixForm=
1 06 0 0

0 -1 0 ©

6 06 -1 0

06 06 0 -1

(+ BEFORE +)

pl={el, 06, 0, +pz};

P2 ={e2, 0, 0, -pz};

pl2 = pl+p2;

el=e2=e; (» set energies equal %)
n[-]= sBefore= pl2.g.pl2

oul - 4 e?

in[-]= (x AFTER %)
p3={m, 0, 0, 0};
p4={m, 0, 0, 0};
p5={m, 0, 0, 0};
p6 ={m, 0, 0, 0};
PAFTER = (p3 + p4 + p5 + p6)
el=e2=e; (+ set energies equal

oul - {4m, 0, 0, 0}

i)~ sAfter = pAFTER.g.pAFTER
oul - 16 m?

n[-Jj= eq= sBefore == sAfter

oul - 4 e? == 16 m?
n[-J= Solveleq, €]
ouf - {{e »-2m}, {e~>2m}}
a) Fixed Target System

nl-]= Clear["Global "



In[-]:=

g = DiagonalMatrixl, -1, -1, -1)];
g /I MatrixForm

Out[-]//MatrixForm=

In[-]:=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

In[-]:=

out[-]=

1 06 0 0
0 -1 0 ©
0 06 -1 0
6 6 0 -1

pl={e, 0, 0, +pz};
p2={m, 0, 0, 0};
pl2 = pl+p2;
sBefore = pl2.g.pl2

(e +m)? - pz?

eql= pl.g.pl-== m?

e? _pz? .- m?

sol = Solve[eql, pz]

(2T, fpe s

sBefore = sBefore /. sol[2] // Simplify

2m(e+m)

(+ AFTER %)
p3={m, 0, 0, 0};

p4={m, 0, 0, 0};

p5={m, 0, 0, 0};

p6={m, 0, 0, 0);
PAFTER = (p3 + p4 + p5 + p6)

el=e2=e; (» set energies equal %)

{4m, 0, 0, 0}

sAfter = pAFTER.g.pAFTER
16 m?

eq = sBefore == sAfter

2m(e+m)==16m2

Solveleq, €]

{le-7m}
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Problem #3 :

a) CMS System

nl-]= Clear["Global "

mn[]= g=DiagonalMatrix[{l, -1, -1, -1}1;
g /I MatrixForm

Outl[-]//MatrixForm=

1 06 0 0
0 -1 0 ©
6 06 -1 0
06 06 0 -1

in[-J= (+ BEFORE %)

pl={el, 06, 0, +pz};

P2 ={e2, 0, 0, -pz};

pl2 =pl+p2;

el=e2=e; (» set energies equal %)
n[-J= sBefore= pl2.g.pl2

oul - 4 e?

ni 1= (+ AFTER %)
p3 ={mX, 0, 0, 0};
n[-J= sAfter = p3.g.p3

outl-]- mX>

n[Jj= eq= sBefore == sAfter

outl - 4 e? == mX?

n[-J= msol = Solve[eq, €]
mX mX

v ffos- 2 o 2

n[-]= e I. msolf2] /. {m-> 1, mX > 125} // N
out-]= 62.5

a) Fixed Target System

n[-J= Clear["Global "



n[}= g=DiagonalMatrixyl, -1, -1, -1}1;
g /I MatrixForm

Out[-]//MatrixForm=

1 06 0 0
0 -1 0 ©
0 06 -1 0
6 6 0 -1

inlJ= (+ BEFORE %)
pl={e, 0, 0, +pz};
p2={m, 0, 0, 0};
pl2 = pl+p2;

n[-J= sBefore= pl2.g.pl2

oull )= (e +m)? - pz?

nfJ= eql= pl.g.pl == 2

ouf - % - pz? == m?

n[J= sol = Solve[leql, pz]

i {fpz+ T, fpzs T

n[-= sBefore = sBefore /. sol[2] / Simplify

out[-]= 2 m(e +m)

in[-]= (+ AFTER %)
p3 ={mX, 0, 0, 0}
out[-]= {mX, 0, 0, 0}

mn[]= sAfter =p3.g.p3

out[-]= mx?

n[-= eq= sBefore == sAfter

out[-]= 2 m(e+m) == mx>2

m[-J= msol = Solve[eq, e] // Simplify

in[-]= e . msol /. {m-> 1, mX > 125} // N

mx?2

outf-]= {{e - -M+ .

out[-]= {7811.5}
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Problem #5 :

a) z-Boost:

nl-]= Clear["Global "

in}- boostz=y{1, 0, 0, g}, {0, 1, 0, 0}, {0, 0, 1, 0}, {8, 0, 0, 1}};
boostz i/ MatrixForm

Outl[-]//MatrixForm=

y 0 0 By
O y 0 0
O 0y 0O
By 0 0 vy

n[-]= (+ CMS %)
pl={e, 0, 0, +pz};
p2={e, 0, 0, -pz};
n[-]= boostz.p2

outf-J= {e y-pzBy, 0, 0, -pz y+e/3y}

eql = boostz.p2 =={m, 0, 0, 0} / Thread

out - {ey-pzBy==m, True, True, -pzy+epBy==0}

n[-]= eqlf4]
out[-]= -pzZy+epy==

n[-J= bsol = Solve[eql[4], BII[1]

pz
outl-]= {ﬁ - :}

Check the boost:

n[-}= boostz.p2 /. bsol 1/ Together

{ezv—pzzv

outl-J- ,0,0,@}

e
nJ= pzSol= Solve[e2 -pz? == m?, pzJiil
outl-J- {pz > -4/e?-m? }

n[-]= boostz.p2 /. bsol /. pzSol /. {y » e/m} /I Together

oulJ- {m, 0, 0, 0}
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Boost p1

in[-]= tmpl = boostz.pl

outl-J= {e y+pzBy, 0, 0, pz y+eBV}

in[-J= tmp2 = tmplfl] /. bsol /. pzSol /. {y » e/m} /I Together

2e2_m?
ouff-}Jr — —
m

in[-]J= tmp2 /. {& » 2000, m - 1}

out[-]= 7999999

)= tmp2 /. {m* > 0} /. {e 2000, m > 1}

ou[-]- 8000 000

nll= tmp2 1. {m2 >0} /1. (m> ely}

out[-]= 2 e 1%

nf]= y l.{y >eim}y /. {e-»> 2000, m- 1}

out[-]- 2000

Scattering angle

1 ecm
nl- eq= Tan@@lab] == — Tan[—]
y 2

Tan[g%n
ouf-]= Tan[glab] ==
Y
in[-1= eq I. {y » 2000}
Tan] %)
outf-]= Tan[elab] ==
2000

= sol = So'l.ve[eq , o'l.ab][[l]]

Tan[ﬂn]

outl-J- {elab—» ArcTan[—2]+ ey if erez }
14

1= 8lab 1. sol /. {y » 2000, §cm- 90 Degree, c; » 0} /N

ou[-]- ©.000809887

Problem #6 :

n[-J= Clear["Global "
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nl= f={0, -ex, -ey, -ez}, {ex, 0, -bz, +by}, {ey, bz, 0, -bx}, {ez, -by, bx, O};
f i/ MatrixForm

Out[-]//MatrixForm=
0 -ex -ey -ez
ex 0 -bz by
ey bz 0 -bx
ez -by bx 0

n[-}= Transpose[f]+ f
ouf-]- {0, 0, 0, 0}, {0, 0, O, 0}, {®0, O, O, O}, {®0, O, O, O}
n )= boostz={{1, 0, 0, g}, {6, 1, 0, 0}, {0, 0, 1, 0}, {8, O, O, 1};

boostz // MatrixForm

Outl[-]//MatrixForm=

10008
100
0010
B O 0 1

n[-J= boostz.f.Transpose[boostz] // MatrixForm

Outl[-]//MatrixForm=

0 -ex-byp -ey+bxpg -ez+ezp?
ex +byg 0 -bz by +ex g
ey -bxg bz 0 -bx+eyp
ez-ezp? -by-exp bx-eyp 0

Problem #8 :

n[-J= Clear["Global "
1= pmu={e, p Sine], ©, p Cos[e]}

out - {e, p Sinial, 0, p Cosla}

mn[]= g=DiagonalMatrix[{l, -1, -1, -1}1;

n]= eql= pmu.g.pmu ==mA2 J Simplify
oul - €2 == m? + p?
n[-}= sol = Solveleql, plI2]

outl-J- {p—> e2—m2}

pmufl] + pmuf4]
n)- args ———— /. sol /. {m> xe}
pmufl] - pmug4]

e+ vje?-e?x? Cos[g
e- +fe?-e?x? Cosig

out[-]=
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1
n[-1= y[@_, X_]=— Loglarg] /. {e » 1}
2

1++/1-x%2 Cosg

1
oul - — Log|
2 1-+/1-x2 Cosiq

in[-1= n[@_]=-Log[Tan[8/2]]
6
out - -Log[Tan[~]|
2
nll- tab =Table|
ParametricPlot[{y[e, x1, niél}, {6, O, Pi},

PlotStyle - {Thick, Hue[x]}],
x, -1, 1, 0-1}];

In[-]= Z = 3;

Show[tab, PlotRange » {{-z, z}, {-z, z}}]

Out[-]=




