Physics G8070
homework #b5
due Mon. March 19

1. Radiative corrections to mio

At tree level in the MSSM the lightest Higgs mass is bounded above,
m3, < m3. Loop corrections weaken this bound. The most important
corrections come from top quark loops.

Some background: terms in the superpotential \9Q;u;H, lead to a
coupling between the (Dirac spinor) top quark ¢ and the (real scalar)
neutral up-type Higgs h,
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Here y; is the top Yukawa coupling. Electroweak symmetry breaking
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where v, = vsinf, v &~ 246 GeV and « is a mixing angle (see for

example Martin (7.35)). Let’s suppose that m?,, m% > m3?, m% so that
a~ (3 —7/2 (see Martin p. 64).
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(i) At energies below the stop mass m; the dynamics of the light
Higgs field h can be described by an effective Lagrangian
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where g = m;/v. Compute the correction to the coupling A from
a loop of top quarks

You should Wick rotate to Euclidean space and put in a momen-
tum cutoff |kg| < m;. (This takes into account the fact that above
the scale m; stop loops will cancel the top loop.) Also you only
need to keep the leading log behavior of the integral for m; < m;.



(i)

(iii)

The Higgs mass is mi = Mv?, as you can see by expanding the
Higgs potential in (1) about it’s minimum. So the correction to
the coupling you’ve computed gives a correction to the Higgs mass,
dm2 = d w?. Express dm} in terms of my, m;, v.

For m; = 500 GeV, what’s the correction?

2. Charge and color breaking minima

In this problem we’ll study a particular direction in field space, focusing
on the up-type Higgs doublet h,, the up-type squark doublet ¢,, and
the up-type squark singlet @. These fields have SU(3) x SU(2) x U(1)
quantum numbers (1,2,1), (3,2,1/3), (3,1,—4/3). You can set all
other MSSM scalars to zero.
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Consider configurations where these fields have equal but other-
wise arbitrary magnitudes: |h,| = |G| = |u|. Show that the
D-flatness conditions can be satisfied by making the fields point
in the right directions in the gauge group representation space.
(It might help to recall some of the manipulations we did in class
on the D-term part of the Higgs potential.)

Evaluate the F-term part of MSSM potential for these D-flat field
configurations. Show that the F-terms generate a potential that
keeps the fields at the origin.

Finally add the soft susy breaking terms and evaluate the full
MSSM potential.

The cubic coupling A,q,uh, can give rise to a minimum away
from the origin. Suppose we require that the global minimum is
at the origin. Use this to derive a bound on A,,.

Moral of the story: depending on the soft breaking parameters the
MSSM potential can have unwanted minima that (in this case) spon-
taneously break color and U(1)e,, gauge symmetry.



