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Abstract

Gfitter, a statistical framework for model testing, has been used to pro-
duce detailed results of the global electroweak fit of the Standard Model.
We present a solution to fully automate the production and web publica-
tion of results from a Standard Model fit. The first steps of implementing
a supersymmetric module in Gfitter (GSUSY) have also been performed
and preliminary results are presented for the supersymmetric mp-max
scenario.
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1 Introduction

Gfitter[l] is a collection of C++ libraries built using ROOT[Z] functionality
which provides comprehensive statistical capabilities for evaluating particular
HEP models. The core Gfitter package provides data handling, statistical anal-
ysis and the handling of errors and theoretical uncertainties. Gfitter is designed
in a modular fashion and is easily extensible. In a particular run Gfitter could
perform a multi dimensional scan, perform Monte Carlo sampling or simply
evaluate a fit result. Theoretical models, such as the Standard Model, are im-
plemented as plugins to the Gfitter core.

The analysis of a particular theory can be quite thorough and therefore
can require a lot of effort if it needs to be redone. Section B outlines a tool for
automating the fitting process. Section [§ outlines the first results obtained from
an initial implementation of a supersymmetry plugin for Gfitter.

2 Standard Model Fit

The results of the global electroweak Standard Model fit attained using the
Gfitter tool are yet to be published. However the results are presently available

via the Gfitter website[3] and are in excellent agreement with those produced
by the ZFITTERM] package.

2.1 Automation of the fit

A particular run in Gfitter is performed using an XML input file or steering
card. Performing a full statistical analysis of the Standard Model fit requires
many individual runs of the Gfitter program, each with it’s own independent
input file. Apart from being time consuming and laborious to rerun the whole,
or even partial, analysis procedure when, for example, a new experimental value
is published it is also necessary to update every input file by hand.

The automation of the fit was achieved using a single Python script. A single
‘master’ steering card is used as a reference point and the script takes a simple
input file specifying how the master steering card needs to change to achieve
the desired run. The input file can specify multiple jobs and is structured
as a Python list (named st_cards). Listing [l shows an example of such a file
specifying a single job. Detailed usage information on the automation script is
given in appendix [A1]

st_cards = [
{ 'out’ : '"HiggsScanToy', ’'spec’' : {
"Actions’ : { 'ToyScanlD’' : 'T:MH:Nbins=50 : Ntoys=1000" },
"Parameters’ : {
"DeltaMW _Scale’ : { "Active' : 'F' },
"DeltaSin2ThetaF_Scale’ : { "Active' : 'F' },
"DeltaOMS '’ : { 'Active’ : 'F'" },
'MH" : { ’'ScanRange’ : '[20:250]  }
}r}

Listing 1: Automation job specifying a 1D Monte Carlo scan of My




Having a single master steering card ensures that it is a quick and painless
process to rerun the analysis when a new value is published. As Gfitter is still
under development it is also probable that future changes to the Gfitter source
code will impact the structure of the steering card and/or require updating the
automation process. However the single steering card, single automation script
should ensure that this is also a relatively easy process.

After automating the generation of results from Gfitter it was also desirable
to automate their publication. Therefore another script, which is completely
independent from the automation script, was created to fully update the Gfitter
website. An archive of previous results is also maintained. Detailed usage
information is given in appendix

3 Supersymmetric module

An initial implementation of a supersymmetric module for Gfitter (GSUSY) was
created as a direct wrapper around the FeynHiggs[f, 6l [7, 8] package. All results
presented in this report are preliminary and were generated using FeynHiggs
version 2.6.2.

3.1 A brief overview of Supersymmetry

Although the Standard Model (SM) of particle physics has proven to be incred-
ibly successful at describing the fundamental particles and interactions it still
has a large number of unsolved problems. The most famous perhaps being the
issue of particle mass which is generally expected to be solved by the existence
of a Higgs field and an associated Higgs boson[d, [[0, [[T]. From the fit of the
Standard Model (c.f. Section B it is known that the Higgs mass should be of
order 100GeV. However the Higgs mass receives enormous quantum corrections
from every particle that couples to the Higgs field. This leads to an inconsis-
tency of some 30 orders of magnitude at the expected scale of new physics and
is known as the “hierarchy problem”.

Supersymmetry (SUSY) is a proposed extension of the Standard Model in
which every SM particle must have a superpartuner differing in spin by 1/2 (form-
ing a supermultiplet). Therefore each SM fermion has a corresponding SUSY
guage boson (collectively the sfermions, composed of squarks and sleptons) and
each SM guage boson has a corresponding SUSY fermion (collectively the guagi-
nos, e.g. the gluon’s superpartner is the gluino). The Minimal Supersymmetric
Standard Model (MSSM) is the minimal extension necessary to realize super-
symmetry. One of the nice features of SUSY is that it has the potential to fix the
hierarchy problem, due to cancellations from the all-but-identical superpartners.

For the electroweak theory to remain consistent it is necessary to not only
have one Higgs superpartner but to have two Higgs doublets, therefore predict-
ing the existence of five (three neutral and two charged) Higgs particles (plus
their corresponding superpartners, the higgsinos). This report focuses on the
lightest of these particles, myo, which is electrically neutral. mpo is predicted
to have a mass of less than about 135GeV /c?[12].



Mp-Max
tan 3 0.4-40
My (GeV) 4-1000
MSUSY (GeV) 1000
M, (GeV) 200
1 (GeV) 200
M (GeV) 800
Xt (GGV) _2MSU5’Y

Table 1: Parameters for the mj-maz scenario.

3.2 Preliminary results for the m;,-max scenario

To fully describe the Higgs sector in the MSSM a handful of parameters are
sufficient. The main parameters are tan 3 = v /va, which is the ratio of the
vacuum expectation values of the two Higgs doublets, and M 4, the mass of the
neutral CP-odd Higgs particle. Other parameters which enter at the level of
radiative corrections are the energy scale of SUSY breaking, Msysy, a gaugino
mass at the electroweak scale, Ms, the strength of the supersymmetric Higgs
mixing, u, the gluino mass, My and the stop mixing parameter, X;. Table
shows the particular values used in this study, which specify the so-called my,-
max scenario. mp-max has the nice property of maximising the upper limit on
mypo and thus has a large theoretically accessible parameter space.

The supersymmetric module for Gfitter (GSUSY) was implemented by in-
corporating the FeynHiggs package as a Gfitter plugin. FeynHiggs provides ex-
tensive one-loop and two-loop calculations and predictions of the Higgs masses,
their branching ratios, as well as a value for the anomalous magnetic moment
of the muon, (g — 2),, and a SUSY prediction of the W mass, among others.

Preliminary results from LEP[I3] have already extensively constrained the
parameter space for the mj-maz scenario being considered here (referred to as
mp-maz (b) in the cited paper). Using the individual constraints from (g —2),,
the branching ratio B — Xy and Myy figure[llshows the results of several scans
in tan 3, myo parameter space. It is evident that myo is significantly constrained
by these parameters, most notably by B — X v and (9—2),. FigurePlshows the
68%, 95% and 99% confidence level regions for a full fit combining the results
of all parameters. When taken in combination with the LEP results a large
part of the SUSY parameter space for the mp-maz scenario is excluded at 95%
confidence level.

However, just prior to this report a programming error was found in the
GSUSY code, therefore these results should be taken as a ‘proof of concept’ for
a GSUSY module rather than providing any physical result.
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Figure 1: 95% excluded regions in the tan 8, myo plane for B — Xy, My and
(g — 2),, for the mp-maz scenario.
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Figure 2: 68%, 95% and 99% CL allowed regions for the full fit for the mp-maz
scenario.



4 Conclusion

Gfitter is a powerful tool for statistical analysis of HEP models. However pre-
existing results can be time consuming to reproduce in the occasion of new
experimental values becoming available. This report presented a tool for com-
pletely automating the production of results, as well as their publication to the
Gfitter website.

Preliminary results from the supersymmetric module for Gfitter (GSUSY),
which was implemented using the FeynHiggs package, show promising capabil-
ities to constrain the supersymmetric parameter space. When considering the
mp-maz scenario the tan 3, myo parameter space was significantly constrained,
especially when combined with results of direct searches at LEP. Future work
should provide a more extensive investigation of the parameter space and many
other possibilities exist, for example the investigation of an mSUGRA model.
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A Gfitter Automation : A User Guide

A.1 Fit Automation
Basic usage:
GenCards.py ([arguments|) [INPUT FILE]

Where [arguments] can be one or more of

—help Print a help message and exit
-s Safe mode, don’t overwrite any pre-existing files.
-r Don’t execute root

-m=MASTER Use the specified master file instead of the default DataC-
ard.xml

-x=COMMAND Execute command before doing anything

Several default values are defined at the top of the script itself, namely the
default master file and the output directory. The input file needs to define the
list st_cards and should be structured as follows:

st_cards =

{ 'out’ : '[OUTPUT-FILENAME] ",
("master’ : '[MASTER.FILE] ')
spec’ & {
(" [TAGNAME.TOALTER] ' : {
(" _st.mod_matchattrib’ : { '[MATCHATTR]' : '[MATCHATTRVALUE]' }, )

' [ATTRIBUTE_.NAME.TO.ALTER] ' : ' [NEW.ATTRIBUTE.VALUE] ",

}
)
( 'Parameters’ :
'[PARAM_TO.ALTER] " : { '[ATTRIBUTE-NAME.TO-ALTER]' : ( '[NEW.ATTRIBUTE.VALUE]' |
"_st_mod-remove ' |
'_st_mod._range’' |

{ 'value’ : '[REPLACE_WITH.STRING] ",
'_st_mod_match’ : '[REGULAR.EXPRESSION]"’
("_st-mod.type’ : ('replace’ | 'append’ ))
(' -st-mod-match.alias’ : (True|False) )
+.
)
('postexec’ : '[SHELLCOMMAND] ", )
('spec_range' : { 'range’ :
{ 'Parameters’ :
{ "[PARAM] " : { '[ATTR]' : [VALUE.LIST] },
I
}.
"iterations ' : [NUMBER-OF.TERATIONS] },
)
Iz
}
where

[ ] specifies an item that needs to be specified (e.g. [OUTPUT_FILENAME]
should read something like "MyBigFile’).

() specifies an optional entry.
specifies that the previous entry can be repeated as many times as necessary.

( one | two ) specifies a range where one of the entries should be specified (i.e.
in this case either one or two).



NOTE Parameter tags are handled separately (as shown above) and so should
only appear under the ‘Parameters’ entry.

_st_mod_* entries change the behaviour of the script.
Description of each entry:

out Specifies the filename to which output should be written, this will be the
name of both the xml steering card and the resulting root file (NOTE a
file extension should not be specified!).

master Optional Use the specified master file (do not include file extension)
instead of the default DataCard.xml.

spec The specification of what needs to be modified in the master file.

[TAGNAME_TO_ALTER | Optional Modify the xml tag with the

given name

_st_mod_matchattrib Optional As well as matching on the tag
name perform a secondary match on the given attribute name/-
value pair. Useful for changing a tag which appears multiple
times e.g. correlations.

[ATTRIBUTE_NAME_TO_ALTER | Change this attribute to
the given NEW_ATTRIBUTE_VALUE].

Parameters Optional Modify the specified parameters

[PARAM_TO_ALTER | Tag name of the parameter to modify
[ATTRIBUTE_NAME_TO_ALTER | Alter this attribute by per-
forming one of the following
[NEW_ATTRIBUTE_VALUE Simply set the attribute to a
new value.
_st_mod_remove Delete this attribute.

_st_mod_range Set this attribute to a range, which must be
specified under the 'spec_range’ entry. The parameter will be
iteratively set to every entry in the sequence with a Gfitter
run being performed at each step.

_st_mod_match Alter the current value of the attribute by re-
placing any occurrences that match [REGULAR_EXPRESSION]
with [REPLACE_WITH_STRING].

_st_mod_type Optional One of

replace Replace the current parameter (default)

append Append a new parameter tag to the file, leaving the
current parameter tag intact (if it exists).

_st_mod_match_alias Match on the value of the ’Alias’ attribute
instead of the tag name.

postexec Optional Execute the specified shell command after generating the
xml card and running root. Note that this has the nice feature that any
thing between graves (‘) will be preprocessed as Python commands, so
values from script variables (or any Python statement) may be used here.
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spec_range Optional Define ranges for parameters which will be iteratively
modified

range Specify values which change at each iteration.

Parameters Only varying parameters is supported at present.
[PARAM ] A parameter which will be updated at every step
[ATTR ] An attribute which will be updated at every step
[VALUE_LIST | A Python list which contains a value
for each iteration.

iterations The number of iterations that will be performed.
Notes & tips

e a very useful example of the confusing entries ‘postexec’ and ‘spec_range’
can be found in the file “MH_PValue.py”.

e the shell script ‘GenAllCards.sh’ will produce the full Standard Model fit.

A.2 Website Publication

The website update script takes as input a single file, processes any (FILLME ...
/) tags within the script, generates the required plots and tables using ROOT
macros and performs archiving if necessary.

Basic usage:

UpdateWeb.py ([arguments]) [INPUT FILE].in
Where [arguments] can be one or more of
—help Print a help message and exit
-A Suppress archiving, just overwrite the previous file
-d debug, show root output

Configuration variables (such as the web directory, Gfitter directory etc.)
and all available plots and results are defined within the script. Each plot is
defined using an id, the name of the input file, the input file type, the macro
which will generate the plot and optionally conversion options as well as a post
macro may be specified. For example:

"full_fit_table ' : { 'input' : 'ShowFullFitTable ',
‘input_-type ' : '.eps ',

"macro’ : "FullFitTable .C"',
'post_.macro’' : GFDIR + 'scripts /table2gif.sh ShowFullFitTable ',
'convert_options ' : '—density 288 — geometry 45% — trim '

}

Each available result is defined in a similar way, but the necessary information
this time is the ROOT file, the branch and the leaf (histogram) in which the
result may be found. An optional post processing of the result may also be
specified. For example:

"standard_-higgs-pvalue' : { ’'file' : '"FullFit-Standard .root ',
"path’ : 'Result-MH |MH_-Chi2 ",
'postprocess ' : 'TMath.Prob(val ,13) " }
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A particular page on the website which is desired to be auto generated should
be created as a ‘.in’ file. For example to auto-generate the ‘index.html’ page
an ‘index.html.in’ file should be created (note that any ‘index.html’ file which
exists will be overwritten by the script!). FILLME tags should then be placed
within the ‘.in’ file to specify the placement of plots and tables and to control
the behaviour of the script.

The available FILLME tags are defined as follows:

<FILLME type="option”

option=" [OPTION.NAME] ”

value=" [OPTION.VALUE]”

/>
where [OPTION_NAME] specifies any global variable in the script but the
most obvious choices would be archive_date, archive_files_dir and the boolean

archive which toggles archiving (default is False or archiving switched off).

<FILLME type="archive_-toc”
/>

places the archive table of contents.
<FILLME type="plot”
id=" [ID]”
size=" ([WIDTH]x [HEIGHT] | x[HEIGHT] | [WIDTH]x)?”
link="(True | False)”
/>
places a plot identified by [ID], optionally with a link to a full size version and
optionally resized to the specified dimensions.
<FILLME type=’result’
id='[ID]”
format=" [FORMAT)] ”
/>
places a result identified by [ID] which will be formatted using the (sprintf like)
formating string e.g. “%.0f”.

<FILLME type="1link”
id="[ID]”
ext=".eps”
text=".ps”
/>

places a link to a version of a file specified by [ID] (probably a plot). The file
type to link to is specified by the ext attribute while the text of the link is
specified by tezt.
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