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6.1 The MSSM Higgs sector (20 credits)

(a) Using the R-parity preserving part of the MSSM Superpotential,
W = uHH+yELHE+yDQHD+yUQFIU,
obtain the contributions to the Higgs scalar potential in terms of the Higgs

scalars H|g—o = h = (h°, h™) and H|p—o = h = (h*, h°). (2 credits)

(b) Consider also the contributions which come from the D-terms of the electroweak
gauge multiplets. The Kahler potential reads

K> HeH+ HeH

with V' = g1 Y Vi+g.T*V{, Y being the Hypercharge, T the SU(2), generators.
(4 credits)

(c) Show that at this stage electroweak symmetry breaking is not possible. (1 credit)

(d) Therefore we include a soft SUSY breaking sector
Lot = _mgoft,1|h|2 - mSOft,2|B|2 - mgoft,?) (B'h' + hC) )

where |h|> = hTh and hh = €®heh’. We can use an SU(2) rotation to set
(h=) = 0. Show that being in a minimum then implies that (h*) = 0 so that
electromagnetism is restored. Show that using further phase rotations we can
make m2g 5, (h°) and (h°) real. At the end the potential should read

N 21512 21712 2 (7 gi+g 2 72
V(h, h) = mi|h|” + m3|h|" + m; (hh—l—h.c.)+78 (|h> = |n[?) .

Identify the mass parameters m?, m3 and m3. (3 credits)

(e) To obtain electroweak symmetry breaking we require the potential to be bounded
from below and that the point A° = h° = 0 is not a minimum. Show that this
leads to the requirements

2mj < mi +mj, (1a)

my > mims . (1b)

(3 credits)



(f)

Show that [p|?, mZy 1, M2 o and m3 can be related through m? if we require
agreement with experimental result for the Higgs vev:

2
4m3,

vdy = (h°)? + (R%)? = ~ (246GeV)?

SM < > < > g% + g% ( )
Check that these relations indeed fulfill the requirements (1). Since only the
sum of the squares of (h°) and (h°) is fixed experimentally, the parameter [ is
introduced to parameterize the remaining freedom. One defines tan § = v/v =

(R°) /(RO). (4 credits)

After electroweak symmetry breaking, three of the eight real scalar degrees of
freedom of the two Higgs multiplets are swallowed to give mass to the Z° and
W* bosons. The remaining physical fields are usually named A° (a neutral CP-
odd pseudoscalar), H* (two charged scalars that are conjugates to each other),
Hy and hg (a heavy and a light CP-even scalar filed).

Obtain the mass matrix for Hy and hy. Show that mjo has an upper bound.

Hint: Hy and ho are a mizture of Re(h®) — (h°) and Re(h®) — (h°). You can use
m?%, = 2m3/sin 2/ to simplify the notation. (4 credits)

Making the universal assumption m? = m3 does not fulfill (1). However, when
we impose it on a high unification scale, we have to take into account the
renormalization group equations. For the Higgs mass parameters they are given
by

dlog m? 9 e
dlog A - 167T2 Z|ya| __92 £

where 7 = 1,2, A is the renormalization scale and the sum runs over all diagonal
Yukawa matrix entries y, to which the respective Higgs couples. For simplifi-
cation we neglected the off-diagonal Yukawa matrix entries. Write down the
precise expressions for the two Higgses. Show that making the universal as-
sumption at a high scale, the radiative corrections can still lead to electroweak
symmetry breaking. (3 credits)



