
BSM Exercices

1. Evaluate the one loop contribution to m2
h, the squared Higgs mass, induced by the

top quark in the SM.

Notation:

LYukawa = − yt√
2
HtLtR + h.c.

with H = v + h.

2. Show that both the quadratically and logarithmically divergent corrections obtained

in 1) cancel if we assume that there are N new scalar particles described by :

Lscalar = −λ
2
h2(|ΦL|2 + |ΦR|2)− h(µL|ΦL|2 + µR|ΦR|2)−mL|ΦL|2 −mR|ΦR|2 .

and we properly choose N and the Lagrangian parameters.

3. Baryon number is violated in the minimal SU(5) GUT through interactions media-

ted by new gauge bosons X, Y such as the one shown in the figure:

Assuming gauge couplings close to the electroweak ones (e.g., ∼ e ), estimate τp,

the proton life-time for MX ∼ 1015 GeV. Compare with the present experimental

value [1] for the e+π0 mode:

τp→e+π0 > 8.2 1033 years (90% C.L.)

Note: 1 GeV−1 ∼ 6.6 10−25s.
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4. Consider an extension of the Standard Model where a scalar neutral singlet Φ has

been added. Having the same quantum numbers, after EWSB this extra field will

in general mix with the SM Higgs field.

• Is it possible to avoid that?

• What are the consequences of this mixing for Higgs physics?

• If the new scalar particle is not very heavy, could it be produced at the LHC?

If so, how could it be detected?
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BSM Exercices: Solutions

3 Baryon number is violated in the minimal SU(5) GUT through interactions media-

ted by new gauge bosons X, Y such as the one shown in the figure:

Assuming gauge couplings close to the electroweak ones (e.g., ∼ e ), estimate τp,

the proton life-time for MX ∼ 1015 GeV. Compare with the present experimental

value for the e+π0 mode:

τp→e+π0 > 8.2 1033 years (90% C.L.)

Note: 1 GeV−1 ∼ 6.6 10−25s.

—————————————————————————–

The width is proportional to the square of the amplitude. Neglecting phase space

effects (ie, mp >> mπ )

Γ ∼ m#
p

(
g2

M2
X

)2

(0.1)

and by dimensional analysis m#
p = m5

p . Then using g2 ∼ α 4π and taking into account

that τ ∼ Γ−1, we get

τ ∼ m−5p

(
M2

X

4πα

)2

(0.2)

We can now substitute mp ∼ 1 GeV, MX ∼ 1015 GeV

τ ∼ 1

(4πα)2
1060 GeV−1 (0.3)

Taking α ∼ 1
137

and using 1 GeV−1 ∼ 6.6 10−25s,

τ ∼
(

137

4π

)2

6.6 1035 s ∼
(

137

4π

)2

6.6 1035 1

365 × 24 × 3600
years (0.4)

and we get

τp→e+π0

∣∣∣
th
∼ 2.5 1030 years (0.5)

shorter than the lower experimental limit and then excluded.
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1 BSM Exercices

1. Consider an arbitrary set of scalar multiplets Φi of isospin Ji having a neutral

component that takes a vev, vi. Show that the ρ parameter is given by

ρtree =
M2

W

M2
Z cos2 θW

=

∑
[Ji(Ji + 1)− Y 2

i ]v2i

2
∑

Y 2
i v

2
i

————————————————————————————————————–

Gauge boson mass terms are originated from∑
(DµΦi)

†(DµΦi) (1.1)

The covariant derivative is given by:

Dµ = ∂µ − igJ1W 1
µ − igJ2W 2

µ − igJ3W 3
µ − ig′Y Bµ (1.2)

= ∂µ − ig
1√
2

(J+W
− + J−W

+)− igJ3W 3 − ig′Y Bµ (1.3)

where J± = J1± iJ2 and W± =
1√
2

(W 1± iW 2). M2
W is given by the W+W− coefficient1,

ie

M2
W = g2

∑
〈JM | 1

2
(J+J− + J−J+) |JM〉i v2i (1.4)

= g2
∑
〈JM | (J2

1 + J2
2 ) |JM〉i v2i (1.5)

= g2
∑
〈JM | (J2 − J2

3 ) |JM〉i v2i (1.6)

= g2
∑

[Ji(Ji + 1)− Y 2
i ] v2i (1.7)

(1.8)

where J2 = J2
1 + J2

2 + J2
3 and we have used

J2 |JM〉 = J(J + 1) |JM〉 (1.9)

J3 |JM〉 = M |JM〉 (1.10)

and

Q|JM〉i = (J3 + Y )|JM〉i = 0 (1.11)

for the neutral scalar components, the ones that adquire a vev.

1Remember that W+W− = 1
2 (W

1W 1 +W 2W 2)
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The neutral bosons can be evaluated similarly. The mass matrix in the (W 3
µ , Bµ)

basis is given by:

M2
0 = 2

∑
i

(
g2 g′g

g′g g′2

)
Y 2
i v

2
i (1.12)

where we have used Eq.(1.11). M2
0 is diagonalized by a rotation of angle θW

OW =

(
cos θW sin θW
− sin θW cos θW

)
(1.13)

i.e,

OW M2
0 OTW =

(
M2

Z 0

0 0

)
(1.14)

Then,

M2
0 = OTW

(
M2

Z 0

0 0

)
OW (1.15)

In particular,

M2
0

∣∣∣
11

= cos2 θWM
2
Z (1.16)

Using Eq. (1.12), we complete the proof.

Getting ρ = 1

For a unique multiplet, ρ = 1 implies that J(J + 1) = 3Y 2

• For semi-integer isospin, d = 2J + 1 is even and 2Y =
√

(d+1)(d−1)
3

has to be odd.

Smallest multiplet: (d=2, Y = 1/2), Higgs doublet

• For integer isospin, d = 2J+1 is odd and 2Y =
√

(d+1)(d−1)
3

has to be even. Smallest

multiplet: (d=7, Y = 2), Higgs septuplet.
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