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The Minimal Supersymmetric extension of the Standard M@dsekMm) predicts the existence of

a light neutral Higgs boson. Once found at thec, its mass will immediately become a precision
observable. The theoretical value of the Higgs ndgss subject to large radiative corrections.
Due to the large top Yukawa coupling, loops of top quarks & tsuperpartners provide the
dominant contribution to the radiative corrections.

We present a calculation of theJsy-QcD corrections to these diagrams, up to the three-loop or-
der. We find that our three-loop results can be in the range®fGeV, and are thus relevant when
compared with the expected experimental accuracy at the. MACalso find a significantly re-
duced dependency on the renormalisation prescription,dbareasing the theoretical uncertainty
of the prediction ofv,.
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1. Introduction

An important feature of the minimal supersymmetric extensif the Standard ModelAssm)
is the existence of a light neutral Higgs boson. M&sM Higgs sector is a Two-Higgs Doublet
Model, the parameters of which are related to the gauge mmspihrough Supersymmetry. These
relations reduce the number of new (in comparison with tlea&ird Model) parameters to two,
which are usually chosen to be the ratigv; = tanf of the vacuum expectation values of the two
Higgs doublets and the mab#, of the pseudoscalar Higgs. Once these are fixed, the Mas$
the light neutral Higgs boson is not a free parameter, butailzdle prediction of the theory. At
the tree level, there is an upper limit, < Mz. At higher orders, this bound gets shifted up by
radiative corrections to the Higgs self-energy, which aeben the spectrum of the superpartner
masses.

The one- and two-loop corrections &, have been extensively studied in the literature (for
reviews, see e.g. Refs. [1,2]). The studies show that, diletiarge top-Yukawa coupling, the most
sizeable corrections stem from loops of top quarks and shgierpartners in the Higgs propagator.
For a light Higgs boson, the Large Hadron Collidern€) will be able to measure its mass with an
expected experimental accuracy of 20200 MeV [3]. To take full advantage of the experimental
data, the theoretical prediction f, has to match this precision. However, based mostly on the
renormalization scale and scheme dependence, the tloabraticertainty on the prediction by,
has been estimated to-36GeV [2,4].

While there have been many publications tackling the ond-tam-loop corrections tdvy,
there are only two calculations available that go to thedtlirder of perturbation theory. In [5],
Renormalisation Group methods have been used to calchkatedding- and next-to leading term
in In(Mgysy/M: ), whereMgy sy is the typical scale ofusy particle masses. Motivated by the fact
that the corrections from top and stop loops dominate theatharrections, the three-loapusy-
QCD corrections to these diagrams have been computed in [6]alBeccurrent methods are not
sufficient to solve three-loop multiscale integrals exadhie calculation in [6] assumed a strong hi-
erarchy among the superparticle masses and performedirasst@ptotic expansions [7] to reduce
the problem to single-scale integrals. While [6] consideweo rather simple mass hierarchies, it is
the aim of this talk to report on recent progress on computioge involved scenarios and discuss
which are important for phenomenological studies.

2. Outline of the Calculation

We calculate the corrections My, by evaluating virtual corrections to the Higgs propagator.
As in [6], we restrict ourselves to diagrams where the Higgsotes to top quarks or their super-
partners, includingsusY-QCD corrections up to Orde@(a?). This leaves us with the following
virtual particles: top quarksand their superpartners, the std?g@, the gluongy and gluinosy; as
well as the light quarkg and squarks,"'which enter at the three-loop level.

One can perform the calculation assuming different hiéiasc amongst the superpartner
masses. To estimate the error introduced by expanding driase hierarchies, we systemati-
cally compare, at the two-loop level, with the exact resulich is given in [8] in very compact
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Figure 1: Renormalisation scheme dependence of the correctids= My — M{/®. This figure assumes
a degenerate mass spectrum of $usy particles. In the left panel, all masses are renormaliseshel,
while in the right panel th®R scheme is used for the top mass. The masses oftis particles are
renormalised on-shell in both cases, to ensure/iMgiis plotted over the same parameter. Choosin@ike
scheme also for the superpartner masses has a small effiht bilggs mass.

form. A detailed study of this comparison, which shows thatrelative error can be brought below
5% for thespsbenchmark scenarios from [9], will be presented in a fomhiog publication [10].

3. Renormalisation Prescription Dependence

We use Dimensional Reduction [11] in order not to spoil Ssy@metry through the regulari-
sation. This leaves us with the choice between using or4sr@rmalisation conditions and using
minimal subtraction, i.e. thBr scheme. In order to make a justified choice for one scheme over
the other, we analysed the magnitude of the correctionsfi@reint loop orders in both schemes
(see Fig. 1).

The figure demonstrates three points:the large one-loop corrections kd, are an artefact
of using the on-shell top mass. The corrections of higheemrare significantly smaller in the
DR scheme, indicating a better behaviour of the perturbatygsion,ii), while there is a sig-
nificant deviation between the two schemes at the one-andowyplevel, at the third loop order
the discrepancy all but vanishes, indicating a stabitigatif the theoretical prediction, anmid), the
three-loop corrections amount to some hundred MeV. Aftisrahalysis, we resolved to use e
scheme for the renormalisation of our parameters. An ekaepd this is the mass of the-scalar
that appears in Dimensional Reduction, which we renormalisshell and set it to zero.

4. Results

As an example for the numerical impact of our calculation h@sresults for thespsbench-
mark linesp22. Fig 2 showsMy, including corrections of one-, two- and three-loop ordeblack,
blue and red, respectively. To get the best prediction plessie extract all available one- and
two-loop corrections from the programe¥NHIGGS [4, 12—-14]. In particular, we use the exact
two-loop result from [8] for theZ'(a;as) corrections. It is notable that the three-loop corrections
amount to about one GeV for large, /.
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Figure2: Higgs mass for the benchmark lise<2. The red line includes our three-loop corrections, as well
as all the corrections of one- and two-loop order that ardempnted in EYNHIGGS.
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