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Summer term 2019 Prof. Dominik Stöckinger, Dr. Hyejung Stöckinger-Kim (IKTP)

1. Spinor and Superfield Calculations Carry out as many of the calculations below as
you like! Focus in particular on parts (c) and (e).

(a) Rewrite the QED-Lagrangian

LQED = − 1
4
FµνF

µν + Ψ̄ (i 6D −m) Ψ (1)

in terms of two-component Weyl-spinors

Ψ =

(
ΨLα

Ψ̄α̇
R

)
and Ψ̄ =

(
Ψα
R Ψ̄Lα̇

)
.

(b) Using

εαβ = −εβα , ε12 = 1 (2)

εαβ εβγ = δαγ , εαβ = εβα (3)

ψα = εαβψβ (4)

ψχ = ψαχα = −χαψα = χαψα = χψ (5)

show the following identities:

θα θβ = 1
2
δαβ θθ (6)

θ̄α̇ θ̄
β̇ = 1

2
δ β̇
α̇ θ̄θ̄ (7)

∂αθθ = 2 θα (8)

∂̄α̇θ̄θ̄ = 2 θ̄α̇ (9)

θσµψ̄ = −ψ̄σ̄µθ (10)

ψθ θα = −1
2
θθ ψα (11)

ψ̄θ̄ θ̄α̇ = −1
2
θ̄θ̄ ψ̄α̇ . (12)

(c) Show
{
Qα, Q̄β̇

}
= 2σµ

αβ̇
Pµ using

P µ = i∂µ (13)

Qα = i(∂α + iα(σµθ̄)∂µ) (14)

Q̄α̇ = i(−∂̄α̇ − i(θσµ)α̇∂µ) . (15)

(d) Show that the following Lagrangian L = ψ̄iσ̄µ∂µψ+ |∂µφ|2 + |F |2 is invariant (up to
total derivatives) under the supersymmetry transformation

δφ =
√

2 εψ, δψα =
√

2 εα F −
√

2 i(ε̄σ̄µ)α∂µφ, δF = −i
√

2ε̄σ̄µ∂µψ
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(e) Chiral superfields are superfields with a particularly simple structure. They are used
to describe e.g. the electron-selectron or Higgs-Higgsino multiplets. Two chiral su-
perfields ΦL,R are defined as follows:

ΦL,R(x, θ, θ̄) = exp(−iθσµθ̄∂µ)φL,R(x, θ) (16)

with

φL,R(x, θ) = A(x) +
√

2θψ(x) + θθF (x) . (17)

i. Compute the θθ-part of the product ΦLΦR, which is defined to be∫
d2θ ΦLΦR|θ̄=0

This is the electron mass term in SUSY QED.

ii. Compute ΦL by evaluating the exponential as a power series.

iii. Calculate the θθθ̄θ̄-part of the product Φ†
lΦL, defined to be∫

d4θ Φ†
LΦL ≡

∫
d2θd2θ̄ Φ†

LΦL .

Show that the result is equal to the Lagrangian given in part (d).

2. Type X Yukawa interaction in the 2HDM
In the type X Yukawa interaction we impose the Z2 transformation: Φ1 → −Φ1, e0

jR →
−e0

jR, and S → S for all the other fields. The Z2-invariant Yukawa interaction term can
be written as

−LX
Y = Q̄0

i∆
u
ijΦ

c
2u

0
jR + Q̄0

i∆
d
ijΦ2d

0
jR + L̄0

iΓ
d
ijΦ1e

0
jR . (18)

(a) Referring to the lecture notes, diagonalize the mass matrices and calculate the Yu-
kawa interaction couplings of the fermions to the neutral and charged Higgs fields.

(b) As a phenomenological example we show here a Barr-Zee type Feynman diagram
contributing to the muon anomalous magnetic moment. For which fermion f in the
inner loop is the Feynman diagram enhanced by tan2 β? (Note that tan β can be
realistically as large as ∼ 60.)

•

•

γ

µ µ µ

A γ/Z

f
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