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With the start of the LHC, low-energy Supersymmetry can lwbed over the largest part of the
theoretically motivated parameter space. We investigateviell the parameters of the MSSM as
well as of constrained models such as minimal Supergrauity@auge Mediated SUSY breaking
can be determined already from existing low-energy measemés such ag— 2),,, rates of rare
B- and K-meson decays and cosmological constraints as weHeadark matter density in the
Universe. We then study the parameter precision as a funofithe integrated luminosity rang-
ing from 1 fb! to 300 fb! at the LHC. We also study the impact of a future linear coHitte
achieve precision measurements. The theoretical predgtre provided by the codes combined
in the MasterCode and SPheno packages. Special emphasisristg a careful evaluation of
the stability of a globaj? parameter estimation technique encoded in the FittinoagekThis
technique is based on the simulated annealing algorithiglédal function minimization with er-
ror determination from repeated Monte Carlo experimentg/(fits"). The method is augmented
by an efficient scan of thg? hyper-surface in the multi-dimensional parameter spageyus
Markov-Chain-Monte-Carlo approach.
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1. Introduction and M ethod

In order to confront a model for physics beyond the Standard Mdtielw Physics”) with
data from existing and future experiments, tools for a global comparistimeadata with model
predictions as a function of its parameters have to be employed. Fiffifip [1s8tFsa tool. In
particular, it was developed to compare the predictions of low-energgrSyummetry to data both
from existing “low-energy” data (LE) and from future colliders, the Lid@d eventually a linear
electron-positron collider (LC). Here we present a new study using fdata existing measure-
ments, future LHC measurements at different integrated luminosities and meeesis from a
future LC [3]. Similar and related studies can be found[]n[J4[]5] 6, 7]. fioelels tested are
minimal Supergravity (mSugra) with five parameteng,, mo, Ao, tanf, andsgn(u) and Gauge
Mediated SUSY Breaking (GMSB) with six parametér$Viyess, Cgrav, tanf, sgn(u), andNs. We
also investigate a phenomenological Minimal Supersymmetric Standard Makédl&free param-
eters (MSSM-18) where no explicit high-scale structure is assumeauriB-Bnd minimal flavour
violation is always assumed conserved.

Fittino employs a globaj? function which fully accounts for correlations between the input
measurements. The? hyper-surface is scanned and likelihood-maps of the parameter sgace a
obtained using Markov-Chain-Monte-Carlo techniques. Also, glgBahinimization is performed
using a simulated-annealing algorithm combined with Toy-Monte-Carlo tecésiigu uncertainty
determination of the parameters and their correlations.

2. Constraintsfrom existing measurements

The precise measurements of low-energy observables, in particulandhgabbus magnetic
moment of the muoig — 2), and various observables derived fr@mandK-Meson decays allow
us to constrain the allowed SUSY parameter space when being confroitihgat@cise theoretical
calculations at the loop levd]][6]. We also investigate how the cosmologicadigreed dark matter
density constrains the SUSY parameter space by comparing it to the expalatetensity of the
lightest SUSY particle. Within the mSugra model, a clear preference formeseas is observed
which predict a rather light SUSY particle spectrum. Most SUSY particlegpeedicted to lie
below 1 TeV in mass. This spectrum, together with the allowed one- and two-sggians is
shown in Fig[]L (left). The parameters for the best fit of the mSugra moitelsgn() fixed to
+1 are tanB = 132+7.2, My, = 3315+ 86.6 GeV,Mg = 762+ 792291 GeV, andAg =
3838647 GeV withx?/n.d.f. = 20.6/22. sgn(u) = +1 is preferred ovesgn(u) = —1, mainly
due to the measured value @ — 2),, being larger than its SM prediction, where the contribution
from hadronic vacuum polarization is evaluated frehe~ collision data. Similarly good fits can
be obtained within GMSB while for MSSM-18 there are too many free paramétgorovide a
stable fit. The omission of the dark matter density as input yields somewhat ¢édlayeed regions
for the sparticle masses within mSugra but central values are not shiftaticsigtly. If T-decay
data are employed to extract the hadronic vacuum polarization, cenitrabwaf the fit do not shift
strongly but the error bands increase significantly. If, inst¢ge; 2), is set to its SM value the
allowed mass ranges increase further and central value move upWatdar-neutral sparticles are
still constrained to lie below: 2 TeV and coloured sparticles below 3.5 TeV at the 95% confidence
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level. If both dark matter anty— 2), are removed from the inputs, no meaningful constraints can
be derived any longer.
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Figure 1: Left: SUSY mass spectrum consistent with the existing lowrgy measurements for the mSugra
model. Right: SUSY mass spectrum consistent with the exjdtw-energy measurements together with
the expected LHC measurements#f't = 1fb~* for the mSUGRA model.

3. Prospectsfor LHC and ILC

For the collider predictions SPHENQ| [8] is used. The parameters of ttdibpsint from
LE data are similar to a well-studied SUSY benchmark point, SP$1a [9] withs/édug8 = 10,
My /> = 250 GeV,Mp = 100 GeV, andy, = —100 GeV. Itis therefore justified to employ the sensi-
tivity studies of the LHC experiments ATLAS and CMS as well as studies chati¢ within [I0]
and to investigate the parameter precision as a function of the integrated litgnatathe LHC.
Measurements at the LHC, depending on the integrated luminosity, includey@haracteristic
kinematic edges from squark-neutralino decay chains as well as the mtess lmhtest Higgs
boson. For a full list sed][3]. The expected precisions on mSugraneteas for three different
integrated luminosities are given in Taple 1. The inclusion of LE data into thelfishin improving
the precision in particular on tghandAg for an LHC integrated luminosity of 1 f while the
accuracy is dominated by the future LHC measurements for higher luminosities.

Uncertainties
Parameter SPSla 1fb 10fb1 300fb?

sign(u) +1

tang 10 37 084 0.35
My, (GeV) 250 6.7 1.2 0.30
Mg (GeV) 100 4.2 2.1 0.39
Ao (GeV) —100 7421 52.9 111

Table 1: Expected uncertainties on mSUGRA parameters for integitatéC luminosities of 1 fot, 10 fb~2
and 300 L.

In order to fit future LHC measurements, fixed assignments of certaimaasteatures (e.g.
kinematic edges) have to be made to the underlying SUSY process whichcpeothem. So
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far, such assignments had to be made ad-hoc. We propose a new njdithodn@ude such
assignment ambiguities into the fit. For each model point, all possible ambiguitiessted and
the one leading to the smallegt-contribution is included into the globaf?. With this method,
parameter uncertainties can be determined without the need to make suat @asstimptions.

Since the mechanism of SUSY breaking is unknown, it is the task of futliidars, the LHC
and the LC, to derive information about high-scale mass patterns from tasunegnents them-
selves. In order to achieve this in a “bottom-up” approach, the EW-sc88Wparameters have
to be measured with the least possible number of assumptions. We studiecchdimevparameters
of an 18-parameter MSSM Lagrangian (MSSM-18) can be measurdch whly assumes univer-
sality of the first and second generation mass parameters and the atiftanerur-non-diagonal or
CP-violating terms. Since many experimental constraints are needed to detd@rparameters,
this task may be only possible for large integrated luminosities at the LHC anddwaluding LE
measurements. A stable fit can be obtained for 300 @if LHC data where most parameters can
be obtained to the 10%-level with the exception of the mixing parameters of tkegiireration
and the mass parameter for the CP-odd Higgs basan/)n order to achieve a precision suitable
for the precise extrapolation of the mass parameters to a high scale, nmeastgérom a Linear
Collider are indispensable. Also, to predict the neutralino relic density witldriMBSM-18 to
precision comparable to that of future determinations of the dark matter démsitg Universe,
the Linear Collider is needed.

4. Conclusions

We presented a study of the present and future constraints on the parapece of SUSY
models. Currently existing measurements with largest impact are the anomalgstimanoment
of the muon and the dark matter density in the Universe which point towatitksr iight SUSY
particles within the mSugra and GMSB scenarios. The preferred scermagaccessible at the
LHC at an early stage. For an initial bottom-up determination of MSSM paraspeiémate LHC
luminosity is required. Precision determination at the percent level is onkilgesat the future
Linear Collider.
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