Problem 1:

Clear["Global" *"]

ContourPlot [x* +y?, {x, -1, 1}, {y, -1, 1}]
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v ={X, y};
g = DiagonalMatrix [{1, 1}];

g Il MatrixForm

(6 1)

rot = {{Cos[68], Sin[8]}, {-Sin[6], Cos[O]}};
rot // MatrixForm

(Cos[e] S'in[e])
-Sin[8] CoslO]

v2 =rot.v;
v2 [l MatrixForm

(x Cos[f] +y Sin[f] )
y Cos[6] - x Sin[]

V.g.V

x2 +y?
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v2.g.v2
(y Cos[6] - x Sin[6])? + (x Cos[6] + y Sin[6])*

v2.g.v2 Il Simplify

x? +y?

Problem 2:

Clear["Global "]

=V ={X, Y};
g={{1, 1}, {1, 1}};
g Il MatrixForm

Out[ « J//MatrixForm=
(21
11
mop=Vegov Il Simplify
our - - (X + y)2

- ContourPlot [(Abs[x]+Abs[y])*, {x, 0, 1}, {y, 0, 1}]
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ContourPlot [(Abs[x]+ Abs[y])*, {x, -1, 1}, {y, -1, 1}]
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Problem 3:

Clear["Global" ="]

ContourPlot [t* - x?, {t, -1, 1}, {x, -1, 1}]
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v ={t, x};
g = DiagonalMatrix [{1, -1}];
g Il MatrixForm

1 0
(o 1)
rot = {{Cosh[8], Sinh[68]}, {+Sinh[#], Cosh[8]}};

rot // MatrixForm

(Cosh[e] Sinh[e])
Sinh[8] Cosh[6]

v2 =rot.v;

v2 /I MatrixForm

(t Cosh[8]+ x Sinh[6] )
x Cosh[6] + t Sinh[6]

V.g.V
t? - x?
v2.g8.v2

(- x Cosh[6] - t Sinh[@]) (x Cosh[6] + t Sinh[6]) + (t Cosh[6] + x Sinh[6])?

v2.g.v2 [l Simplify

t2_X2

Problem 4:

Clear["Global" %"]
g = DiagonalMatrix [{1, -1, -1, -1}];

pl ={el, 0, 0, +p};
p2 ={e2, 06, 0, -p};
pl2 = pl +p2;

eqs =
{pPl.g.pl ==ml2,
p2.g.p2 == m22,
pl2.g.pl2 == s}

{e1? - p? == m12, e2” - p® == m22, (el +e2)” == s}



hwi12_sol.nb | 5

Solve[eqs, {m12, m22, s}] // Transpose // TableForm

ml2 - el? - p?
m22 » e22-p?
s > (el +e2)?

sol = Solve[eqs, {el, e2, p}] /I Simplify

-ml2 +m22 -s ml2 -m22 - s \/mlz2 +(m22 - s)2-2ml12 (m22 +s)
{{el»—,e2—> sy P - },

2 4/s 2 /s 2 4/s

-ml2 +m22 -s mi2 -m22 - s \/m122+(m22—s)2—2m12 (m22 +s)
{el—>—,e2—>—,p—> },
2 /s 2 4/s 2 4/s
ml2 -m22 + s -ml2 +m22 +s \/m122+(m22—s)2—2m12 (m22 +s)
{el—»—,e2—>—,p—>— },
2 4/s 2 4/s 2 4/s
ml2 -m22 + s -ml2 +m22 +s \/m122+(m22—s)2—2m12 (m22 +s)
fers T e RN N
2 4[s 2 4/s 2 /s

(» TAKE THE SOLUTION THAT IS POSITIVE FOR BIG S %)
sol[[41]

ml2 -m22 + s -ml2 +m22 +s «/mlz2 +(M22 - s)2-2ml2 (m22 +s)
{el 5> —,e2 > , p— }

2 4/s 2 4/s 2 4/s

del2[a_, b_, c_]:=a’+b*+c’-2(ab+ bc + ca)

del2[m12, m22, s]

testl =
4s

m122+m222+s2-2(mM12 m22 +ml2 s+m22 s)

4s

test2 = p*r2 /. sol[[4]]
m122 + (m22 - s)? -2 m12 (m22 + s)

4s

testl == test2 // Simplify

True

Problem 5:
Start in CMS, equal mass particles

Clear["Global" x"]

g = DiagonalMatrix [{1, -1, -1, -1}];
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pl={e, 0, 0, +p};
p2 ={e, 0, 0, -p};
pl2

pl+p2;

eqgs =

{pPl.g.pl ==m2,
p2.g.p2 ==m2,
pl2.g.pl2 == s}

{ez—p2 ==m2, e -p?==m2, 4e? == s}

Invariant mass before : =s=4e/2

Invariant mass after:

p3 ={m, 0, 0, 0};
p4 = {m, 0, 0, 0};
p5 = {mHiggs, 0, 0, 0};
p345 = p3 + p4 + p5

{2m+mHiggs, 0, 0, O}

eq = p345.g.p345 == 4¢’

(2m+mHiggs)’ == 4 €°

sol = Solveleq, e] // Simplify

{{e e mH'izggs }, {e e mH'izggs }}

(» Take positive solution %)
sol[[2]]
mHiggs}

{e—>m+
2

(» Take positive solution %)
sol[[2]] /. {m > 1, mHiggs - 126}

{e > 64}

Now in lab frame, equal mass particles

pl={e, 0, 0, +p};
p2 ={m, 0, 0, 0};
pl2 = pl +p2;



s==pl2.g.pl2 /.{pr2 > e’-m2} // Simplify
2em+m’+m2 == s

(* Invariant mass after remains the same: %)
p345.g.p345

(2m+mHiggs)?
eq2 = p345.g.p345 == pl2.g.pl2 /. {p"2 > e’ -m2, m2 » mA2} // Simplify
(2m+mHiggs)® == 2 m (e +m)

sol2 = Solve[eq2, e] // Simplify
mHiggs? }}

{{e—> m+ 2 mHiggs +
2m

e /.sol2[[1]] /. {m > 1, mHiggs - 126}
8191

Problem 6:

Clear["Global" %"]
g = DiagonalMatrix [{1, -1, -1, -1}];

pl={e, 0, 0, +p};
p2 ={e, 0, 0, -p};
pl2 = pl +p2;

b={y,o,0,ys},{06,1, 0,0}, {0, 0, 1, 0}, {yB, 0, 0, y}};
b // MatrixForm

y 0 0 By
© 10 ©
© 01 0
By 6 0 vy

eq= b.p2 =={m, 0, 0, 0} // Thread

{ey-pBy==m, True, True, —-py+eBy==0}

sol = Solve[eq, {8, y}] /. {e’-p® » m?}

{fe- 5o 20
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Now Check

b.p2 /I. sol /I Simplify

(7000

(b.p2 1. sol /I Simplify) /. {p* » e*-m?}

{{m, 0, 0, O}

(b.pl //. sol /I Simplify)

(=00, 252}

Problem 7:

nz- Clear["Global™ #"]

nz- F={{0, Ex, By, E2}, {-EX, O, Bz, -By}, {-Ey, -Bz, 0, Bx}, {-Ez, By, -Bx, 0}};
F /I MatrixForm
Out[4)/MatrixForm=
0 Ex Ey Ez
-Ex © Bz -By
-Ey -Bz © Bx
-Ez By -Bx 0

ns- B={{y, vB, ©, 0}, {yB, v, 0, 0}, {60, 0, 1, O}, {0, 0, O, 1}};
B // MatrixForm

Out[6]//MatrixForm=

y By 0 0
By v 00
© 06 10
© 06 01

niz- result = B.F.Transpose[B] // Simplify ;
result // MatrixForm

QOut[13]/MatrixForm=

0 -Ex(-1+B%)y*> (Ey+Bzp)y (Ez-Byp)y
Ex (-1+8%)y? 0 (Bz+Ey By -Byy+Ezpy
-(Ey+BzpB)y -(Bz+Eyp)y 0 Bx

-Ezy+By By (By-EzB)y -Bx 0



1

4= rule = {y"2 -

}

1-p2

Out[14]= {yZ -
1-52

nie- result /. rule // Simplify // MatrixForm

QOut[18]//MatrixForm=

(0] Ex (Ey+BzB)y (Ez-BypB)y

-Ex 0] (Bz+EyB)y -Byy+EzBy
-(Ey+BzB)y -(Bz+EypB)y 0 Bx
-Ezy+ByBy (By-EzpB)y -Bx 0

To match book convention :

nei- result /. rule /. { > -}/ Simplify J/ MatrixForm

Out[21]//MatrixForm=

(0] Ex (Ey-BzB)y (Ez+BypB)y

-Ex 0] (Bz-Ey By -(By+EzpB)y
-Eyy+BzBy -Bzy+EyBy (0] Bx
-(Ez+By By (By+EzpB)y - Bx 0]

meop- (=1 +[32) v? 1. rule // Simplify

ourzo- =1
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