Adrian Carmona Bermudez
Beyond the Standard Model of Physics
September 13, 2024
BSM Tutorial

Problem 1. Using
(1) X*=eXg, Xa = apX’

and the definitions y¥ = x*ta, YU = Ya¥®, demonstrate that

1) x¢ = vx, X =y
2) (x¥)T =x = xv.

Problem 2. Using

1 i .a
@ A= Aoy, A= A
) (0"),5(0,)7 = 20785, o =PV, oy = capeage™,
Xa 0 (U“)aa
(4) lI]D = (dja) ) qu = <(0-,u)aa )
1) Check that A,B* = %AQBBQB

2) Write the Dirac Lagrangian in Van der Waerden notation.

Problem 3. Defining

(5) G(2",0,0) = exp li(@aQa + 9736_25 - muP“)]

and using the Hausdorff formula

(6) eAeB:eXp<A+B+;[A,B}+...>

prove that

(7) G(z",0,0)G(a" ¢, €) = G(a" + a" + e’ — i0a"E, 0 + €,0 + €)

Problem 4. Show the equivalence of

(8) (TL)ad = Tac — 210404
and
9) ot = at —i0%(0") e

Problem 5. Using the definition of
(10) D 0 + 10”0,
& — T Ao [/ ad
00~

Show also that
(11) Dyt = 0.



Problem 6.
that

(12)

and taking

(13)

2

Consider the minimal composite Higgs model (non-custodial) in the unitary gauge. Assuming

1 0 0
U(h)=10 cos(h/f) isin(h/f)
0 dsin(h/f) cos(h/f)

Dy = 0, —igW,T" —ig' [\ETB] B,, i=1,2,3,
= 0, —igW,;T" + ...

with 7% = \*/2, a =1,...,8 and

(14)

, 1 — 2
:le:zT2 Wi:Wu:FZWu

= V2

compute the would be mass term of W*. You can use Mathematica for that.

Problem 7.

(15)
where

(16)

Consider the following EFT for a light scalar ¢

Q Be 0l
L = Laimed — —0° — Z030%0 — —(0%¢)>%.
EFT dim=4 6!90 4!<P 2 2( <P)

1 A
Liim=1 = 5(3#90)2 —mjp® — @sff‘-

Using equations of motions show that

(17)

(18)

Problem 8.

(19)

1
P %0 = —mip' — =\,

3!
2/\ )\2
920)2 = mip? 4 Tt 4 A 6
(0°¢) R v
Imagine that we integrate out a theory with an exotic heavy vector-like lepton
E~(1,1),.

Looking to article refered in the notes, to which operators contribute such particle at tree-level?
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