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Abstract

Theoretical predictions in high energy physics are routinely providedarfalm of
Monte Carlo generators. Comparisons of predictions from differesgrams and/or dif-
ferent initialization set-ups are often necessafg- TESTER can be used for such tests of
decays of intermediate states (particles or resonances) in a semi-autoragted w

Since 2002 new functionalities were introduced into the package. In pgarfidunow
works with theHepMC event record, the standard for C++ programs. The complete set-
up for benchmarking the interfaces, such as interface betwdepton production and
decay, including QED bremsstrahlung effects is shown. The examplesschaoillustrate
the new options introduced into the program. From the technical perspeotiv paper
documents software updates and supplements previous documentation.

As in the past, our test consists of two steps. Distinct Monte Carlo progresmsiia
separately; events with decays of a chosen particle are searchadf@anuhtion is stored
by MC- TESTER. Then, at the analysis step, information from a pair of runs may be cochpare
and represented in the form of tables and plots.

Updates introduced in the progam up to version 1.24.4 are also documkmpedticu-
lar, new configuration scripts or script to combine results from multituderas noto single
information file to be used in analysis step are explained.
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PROGRAM UPDATE SUMMARY

Title of the program: MC- TESTER, version 1.23 and version 1.24.4

Tested on various platforms and operating systemsLinux SLC 4.6 and SLC 5, Fedora 8,
Ubuntu 8.2 etc.

Programming languages usedC++, FORTRAN77

Tested and compiled with:gcc 3.4.6, 4.2.4 and 4.3.2 wit77/gf ort r an

Size of the package:

23.4 MB directory including example programs (6.5 MB congse distribution archive),
without ROCT libraries.

Additional disk space required:

Depends on the analyzed particle: 14.4 MB in the caselepton decays (30 decay channels,
594 histograms, 73-pages booklet).

Keywords:

particle physics, decay simulation, Monte Carlo methodgariant mass distributions, pro-
grams comparison

Nature of the physical problem:

The decays of individual particles are well defined modules typical Monte Carlo program
chain in high energy physics. A fast, semi-automatic wayarhparing results from different
programs is often desirable for the development of new jairogr in order to check correctness
of the installations or for discussion of uncertainties.

Method of solution:

A typical HEP Monte Carlo program stores the generated evertgent records such aspMC,
HEPEVT or PYJETS. MC- TESTER scans, event by event, the contents of the record and ssarche
for the decays of the particle under study. The list of thentbdecay modes is successively
incremented and histograms of all invariant masses whiolbeacalculated from the momenta
of the particle decay products are defined and filled. Theutsitipom the two runs of distinct
programs can be later compared. A booklet of comparisorre#&ed: for every decay channel,
all histograms present in the two outputs are plotted anapater quantifying shape difference
is calculated. Its maximum over every decay channel is @diit the summary table.
Restrictions on the complexity of the problem:Only first 200 decay channels that were found
will initialize histograms and if the multiplicity of decgyroducts in a given channel was larger
than 7, histograms will not be created for that channel ak wel

Typical running time:

Varies substantially with the analyzed decay particle dauterally speed estimation of the old
version remain valid. On a PC/Linux with 2.0 GHz proces3disTESTER increases the run
time of thet-lepton Monte Carlo prograAUOLA by 4.0 seconds for every 100 000 analyzed
events (generation itself takes 26 seconds). The anatgpisakes 13 secondsTEX processing
takes additionally 10 seconds. Generation step runs maydmited simultaneously on multi-
processor machines.

New features: HepMC interface, use of lists in definition of histograms and dechgnnels,
filters for decay products or secondary decays to be omikbed,fixing, extended flexibility
in representation of program output, installation confgion scripts, merging multiple output



files from separate generations.
Accessibility:
web pagehttp://nc-tester. web. cern. ch/ MC- TESTER/
e-mails: Piotr. Gol onka@ERN. CH,
Zbi gni ew. \WAs @CERN. CH,
tomasz. przedzi nski @j . edu. pl ,
Nadi a. Davi dson@ERN. CH.
Reference to the program previous version:
P. Golonka, T. Pierzchata, Z. Was, Comput. Phys. Comnmiu(2004) 1



1 Introduction

In the phenomenology of high-energy physics, it is impdrtarestablish uncertainties for the-
oretical predictions which are used in the interpretatidrthe experimental data is of high
importance. Theoretical predictions need to be presemede form of Monte Carlo event
generators; all detector effects can therefore be easihpawed with the theoretical ones, using
event rejection or reweighting methods. Whenever possibégretical predictions are sepa-
rated into individual building blocks, which are later camdd into complicated Monte Carlo
generator systems for the complete predictions.

A good example of such a building block is generaldUOLA [2—4] for the simulation
of T lepton decay. In practical applications such a program si¢@dbe combined with other
generators for thelepton productionTAUOLA uni versal interface [5,6] can be then used.
Additional complications arise due to other effects suchired state bremsstrahlungHOTOS
Monte Carlo [7-10] can be then used.

For the purpose of benchmarking our projects, we had to desig maintain tests. Some
of those tests gradually evolved into the new versioMBfTESTER [1] presented here. The
principle of these tests is rather simple. After generatibeach event by a given Monte Carlo
system, the content is searched for the decay of the pattide studied. Once found, the
appropriate data is collected and stored in the form of aatmally created histograms and
tables.

Originally the puropse of the paper was to documdBHTESTER version 1.23. Recent
improvements, for versions up to 1.24.4, are described rowel (see Appendix B.4). For
the properties of the program existing in even older vessiore address the reader to ref. [1].
We will assume that the reader is familiar with that papengotwise technical aspects of the
program explained here, may be difficult to follow.

For the convenience of readers interested in technicatespéthe update we keep orders
of the first chapters as MC- TESTER's first documentation [1]:

e Section 2 explains updates introduced to the first (germerpsitep of the program. Com-
ments on the installation procedure are also given hereedtid@ 3 modifications intro-
duced in the analysis, the second stepGfTESTER operation, are explained.

e Section 4 is devoted to the description of the package updatgarticular, directory
organization and technical information on its use; furtihetiails and explanation of input
parameters may be found in the appendix A.1. Sections 444%Bnd Appendix A.2 are
devoted to the extension dE- TESTER to HepMC and C++ applications.

e Section 5 is devoted to the use of lists in the algorithmsaesible for defining his-
tograms and decay channels.

e New options and examples of how to obtain refined numericallte withMC- TESTER
are explained in Section 6.

e Section 7 closes the documentation with a discussion ofdlbkage limitations and pos-
sible future extensions.



e Changes in configuration scripts and script to merge seMerdlESTER output files in-
troduced respectively for version 1.24.2 and 1.24.4 aremshented in Appendix B.

2 Installation and generation step (update for ref. [1])

MC- TESTER is distributed in a form of an archive containing source fil€&urrently only the
Linux and Mac O$ operating systems are supported: other systems may bersegpothe
future if sufficient interest is found. We have checlH TESTER on various platforms such as
Scientific Linux SLC 4.6 or Ubuntu 7.10, 8.04 .

In order to runMC- TESTER the following software is needed:

e gcc? compiler suite withg++ andg77/gf or t r an installed.

e ROOT package properly installed and set up (please refer to [ARPOT | NSTALL file in
doc/ subdirectory for details),

o |ATEX package,

e \ersion 1.23 requires that environmental varialR88TSYS andLD_LI BRARY_PATH, (for
some applications alddEPMCLOCATI ON) are properly set. It is optional to set those vari-
ables manually for version 1.24.4. The new installationcpoure is explained in Ap-
pendix B.

One compilesVC- TESTER libraries using therake command to be executed in its main direc-
tory. If completed successfully, the user is instructed on howrteed with the example
test§. Examples foMC- TESTER use, based on thedecay generatofBAUOLA andPYTHI A are
distributed together with the package; they reside irettepl es- F77/ subdirectory.

MC- TESTER distribution is a complete, ready-to-use testing envirentpwith subdirectories
dedicated to generation and analysis steps (see Sectifor 4idtails), and run-time parameters
controlled by simple configuration fileSETUP. C - see Section 4.3 and the Appendix A). The
SETUP. Cfile needs to be put in the directory from which the generapimgram is being exe-
cuted (usually it is the same directory in which the binargarable file exist). Examples of
SETUP. Cfiles are already present in example generation directaiey are used to set some
parameters and also to note the name and details of the ¢@meeang run.

The output data file is usually put in the directory in whicle tpeneration program was
executed. The name of the file and the path may however be etdarsingSETUP. C.

The issue of usingyC- TESTER with “any” Monte Carlo generators is addressed in Section
4.4. \We want to stress, that it is relatively easy to MSeTESTER with a Monte Carlo event

IFor this case LCG configuration scripts explained in Appeihave to be used.

2MC- TESTER has been tested in particular with gcc 3.2, 4.03, 4.1.2 ah@ 4.

3The MC- TESTER version 1.23 is set to be compiled using g77 compiler. gfor t r an compiler, logical link
meke. i nc has to be pointed (in directony at f orm) to make-gf ortran4l.inc. The 1.24.4 version does not
require manual compiler setup.

4Also, how to prepare additional libraries to be loaded irgenprograms.



generator: it is sufficient to link thiEC- TESTER libraries, theROOT libraries and to insert three
subroutine calls into the user’s code: @3- TESTER initialization, finalization and analysis.

For the users interested in trying only the analysis paN®TESTER (Section 3), and to
avoid a lengthy generation phase, ready-to-use data feégsravided in the directory
exanpl es- F77/ pre- generat ed/ . There, theMC- TESTER's nc-t ester. root files (produced
by long runs withTAUCLA andPYTHI A), are stored. To copy the files to the directories of the
analysis step, the commangke move can be used. In principle these files can be used as a
reference for benchmark purposes too.

2.1 Examples of C++ generation step

Demonstrations dfiC- TESTER's usage with C++ generation programs can be found in the sub-
directoryexanpl e- C++/ . This includes an example ofdecay analysis foPYTH A 8.1 [12]
(using C++ and thelepMC[13] standard) and an example of B meson decaygiofenLHC [14]
(using C++ and the HEPEVT standard). The examples are chtwsdemonstrate the program
use for packages of widespread popularity.

2.1.1 Taudecays fronPYTH A 8.1

An example for théYTH A 8. 1 event generator is given in directaryanpl es- C++/ pyt hi a/ .
10,000ete~ — 7% — 171~ events are generated and the decay of taus are analyMd TBSTER.
The outputrc-t est er. root, contains results of the processed events and includes bartum
of histograms which can be compared to similar output froheotMonte-Carlo generators.
Configuration of the tool is done via tleganpl es- C++/ pyt hi a/ SETUP. Cfile.

To run the example, the packag®&THI A 8. 1 andHepMC version 2 have to be installed
PYTH A 8. 1 has to be compiled witHepMC and thePYTHI Alibrary | i bhepnti nt er f ace must
exists. To run the example wit¥C- TESTER version 1.23:

e Set environment variablHEPMCLOCATI ON to the base ofHepMC's i ncl ude/ andli b/
directories

e SetPYTH A_I NSTALL_LOCATI ON to the base oPYTHI A 8'si ncl ude/ andl i b/ directo-
ries

e ThePYTH A8DATA should point to directory containingyTH A xml documents. Gener-
ally these can be found B( PYTH A_l NSTALL _LOCATI ON) / xm doc.

e Compile the interface library by executimgke |i bHepMCEvent in the base directory
of MC- TESTER.

o Compile the example by executingke in exanpl es- C++/ pyt hi a subdirectory.

In case ofMC- TESTER version 1.24.4:

5This example has been tested WiTH A version 8.100 anéiepMC versions 2.01.08 - 2.05.00. We assume
that the reader is familiar with these packages and theumeatation.




Provide the location dfiepMC during configuration step

Compile theMC- TESTER libraries.

Conf i gur e example irexanpl es- C++/ pyt hi a; provide path t®YTH A 8. 1.

Compile withmake command.

For details ofHepMC and PYTHI A 8.1 see [12, 13]. For details regarding the configuration
procedures see Appendix B.
In order to run the example entexanpl es- C++/ pyt hi a directory and execute:

.I'pythi atest. exe
make novel (or make nmove2)

The final step moves the output file;- t est er. root, to the directory anal yze/ prodl
(/anal yzel prod2) ready for the analysis step. A second output should be pextiusing
(preferably) different Monte Carlo generator (for exampta PYTHI A 6. 4 generation) and
moved to/ anal yze/ prod2.

2.1.2 B decays fronEvt GenLHC

An example of the analysis of 10,083 decays can be found in the sub-directory

exanpl es- C++/ evt genl hc/ . This example requiredC- TESTER to be linked with the libraries
of Evt GenLHC, PYTHI A, PHOTOS, CLHEP and St dHep ©. The path to each must be set with the
following environmental variables:

o EVTCGEN.I NSTALL_LOCATI ON
PYTH A6_I NSTALL_LOCATI ON

PHOTOS_I NSTALL_LOCATI ON

CLHEP_I NSTALL_LOCATI ON

CERNLI BS_I NSTALL _LOCATI ON

The Evt GenLHC example should be run in thexanpl es- C++/ evt genl hc/ directory with
the following commands:

make
.levtgen_test.exe

6This example has been tested wilvt GenLHC version 5.15,PYTH A version 6.227.2,PHOTCS ver-
sion 215.5,CLHEP version 1.9.3.1 andERNLI BS 2006 on afs at CERN. See web pages of LHC Comput-
ing Grid Project Generator Services Subproject httpédjiggcern.ch/project/simu/generator/, LCG Savannah
https://savannah.cern.ch/projects/clhep/ and web pagé&dientific Linux Installation at main CERN cluster
http://plus.web.cern.ch/plus/SLC4.html



make movel (or make nove2)

TheB™ meson decays need to be generated with the help of anothéeanlo generator
to be compared to the results®ift GenLHC. For that purpose our example
exanpl es- C++/ pyt hi a/ pyt hi a_t est _B. cc can be used. The resulting booklet is particularly
large, confirming technical robustnessMif TESTER.

3 Analysis (update for ref. [1])

Data filesrc-t est er. root , referred to in the previous section are used to produce détom
final results of thé/C- TESTER executions. For this purpose the directamal yze/ is prepared.
No significant changes in the analysis stepMof TESTER were introduced since its first public
release. The original documentation, given in [1] is to gésdegree up to date. In the following
subsections we present minor changes which were nonethetezduced.

3.1 Running the analysis step from an external directory

In some cases, for example when our program is installeadainby an administrator, users
may not have write permission for tlaeal yze/ directory of MC- TESTER. Therefore the anal-
ysis step will need to be executed from a directory outMdeESTER. The bash script

anal yze/ conpar e. sh demonstrates how this can be done. It should be copied todhdng
directory, and then edited. The following need to be set:

e FILEL: The name of the output file from the first generator (&g.t ester.root). The
path should be given relative to the current working dirgcto

e FI LE2: The name of the output file from the second generator.
e MCTESTER DI R: The path taviC- TESTER

MC- TESTER can be configured by 3ETUP. Cfile in the working directory (See Section 4.3). If
this file is not present, the default settings franal yze/ SETUP. C are used.

Execution ottonpar e. sh will produce an analysis booklet puf format called est er . pdf .
Other files and directories produced during the analysjs be exampleROOT histograms, can
also be found in the user’s current working directory.

3.2 New options in graphical representation of histograms

Graphical representation of the plots, as present alraathyei original version oMC- TESTER

is adequate for tests, if agreement between the two compéoete Carlo samples confirms.
Generally it is however not the case. The appropriate gcaphepresentation of tests can be
then helpful to understand the origin or nature of diffeencrhe present version Mt- TESTER
introduces a few additional options that make histogramsemeadable in specific cases.



The logarithmic scale option (see: A.1.4) can be activatéiaesanalysis step &C- TESTER.
A nice illustration of this functionality is the validatioplot for PHOTCS in the case of QED
radiation fromW* — ptv,, final state, see fig. 1a. The compared distributicare visible only

Comparison of Mass(1) of gamma mu+ in channel W+ =>gamma nu_mu mu+ I SDP Comparison of Mass(1) of gamma mu+ in channel W+ => gamma nu_mu mu+ | SDP
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Figure 1: An example of a plot used for testing the full matrix elemennhéd of the W —
Hvuy channel. The invariant mass distribution of théyupair is peaked on the left side,
making the distributions unreadable. In particular, thdfelience between the red and green
lines can not be seen at all. Only the ratio of the comparettidigion is of some use. A
theoretically unprepared reader may get the impressiohdifeerences are large. If logarithmic
scale is used, see fig. b, invariant mass distributions asih over the whole spectrum and
the difference is clearly localized in a region containireg$ thanl0—3of the whole sample.
Calculation of SDP is not affected by the rescaling of thedgistms.

in the first few bins of the histogram. If a logarithmic scaleised (see fig. 1b), one can see that
the distribution extends over all kinematically allowe@spum. Note that the ratio (thick black
line) is still in linear scale marked on the left side of thetplCalculation of Shape Difference
Parameter is not changed if logarithmic scale is used.

In case of tests where the coverage of some regions of phase spenhanced because
of resonances, distribution properties are best visuhlmedistributions of Lorentz invariant
masses constructed of all possible sub-groups of final stateenta. This is the key concept
of the MC- TESTER methodology.

That was the case af lepton decays. Typically, one of the constructed invariaaiss
distributions was peaked around the position of the inteliate state resonance. The tails
of the distributions are better populated when invarianssea are used directly, rather than
higher powers of these invariant masses. To adopt for tipatay applications, two options are

"Obtained respectively from the versions of PHOTOS whererthtix element is used (and where it is not).



introduced intaVC- TESTER: the ability to plot given powers of the inv. mass, (see: A),land
to scale the mass to its maximum possible V&lisee: A.1.3).

The histograming of mass squared is useful if one is intedesst eg. spin effects o —
17,1 — 1V decays. The slope of tie™ energy in the Z rest-frame is proportional to the
T~ polarization, see fig. 2a. This spectrum is identical to flectrum of invariant mass squared
of the "1 v system, and such distribution is now straightforward talgtwith MC- TESTER.
For convenience we normalize the spectrum in proportiotstsmaximum possible value, that
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Figure 2:Example of interesting benchmark for physics. In the decayiZ 1~ — "t vv, the
U energy spectrum in the Z rest-frame has identical shapeeasdigiribution of the invariant
mass squared af" 1t v, see plot a. This linear distribution can be used to measeraying
1~ polarization. The invariant mass is scaled to its kinenalycallowed maximum. This
is convenient when the mass of the decaying object is notardnsh plot b, the mass square
option of MC- TESTER parameters is not used. In principle such a test is equalbdgo validate
spin effects, but any discrepancies are more difficult tceustand.

is the invariant mass of the system of &) decay products.

Without using those new options, physically equivalentloould still be obtained, just
plotting invariant mass, see fig. 2b. It is however far mor@iatilt to interpret differences
observed between compared Monte Carlo generators.

8The actually used power of the mass appears in the plot naresag2) or Mass(1) respectively if mass
square or mass itself is histogrammed.
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4 Package organization (update for ref. [1])

This section contains technical details concermiBgrESTER and should be used (together with
reference [1]) as a quick guide book. Further details mayhbed in the Appendix and in files
placed in theloc/ subdirectory.

4.1 Directory tree

doc/ - contains documentation.
examples-F77/- includes example programski7:

tauola/ - using theTAUOLA generator;
pythia/ - using thePYTH A/ Jet Set generator;
pre-generated/ - results of generation with high statistics.

examples-C++/- examples irC++:

pythia/ - example for thé’YTHI A 8. 1 generator;
evtgenlhc/ - example for thé&vt GenLHC generator (CERN GENSER version).

analyze/ - analysis step is performed in this directory, the analgsde is contained in a set of
ROOT macros.

prodl/ - (ntc-tester.root) data file obtained from the generation phase with the first
generator should be put here,

prod2/ - (nc-tester.root) data file from the results obtained with the second generato
should be put here,

booklet/ - is created during the analysis step. It contains the régitigrams in the form
of .epsfiles.

HEPEvent/ -includes universal++ interface td=77 event records . HEPEVT,LUJETS,PYJETS).

HepMCEvent/ - source code fori bHepMCEvent (MC- TESTER interface libraries to theepMC
event record);

include/ - 11 nks to C++ include files.

lib/ - contains compiled libraries needed My TESTER. Both the static and dynamic libraries
are provided.

src/ - contains the source code fidt- TESTER.

platform/ - platform-dependent support files; currently only fonux.

11



4.2 Libraries

The MC- TESTER source code is build into three librariesi bMCTest er, | i bHEPEvent and
| i bHepMCEvent . These libraries may be found in theb/ directory after installation.

The libraryl i bMCTest er contains all the code needed by the generation step; it @ als
required at the analysis step, because it contains routorethe calculation of theShape
Di fference Parameter.

Thel i bHEPEvent library contains a unified interface for vario&g7 HEP Monte Carlo
event record standards. In the current versioM®ITESTER, it provides unified access to the
HEPEVT, LUJETS andPYJETS standards, enabling_- TESTER to be used with a variety of Monte
Carlo event generators, based on those event record standard

MC- TESTER was recently extended to include thiebHepMCEvent library. This library ex-
tendsMC- TESTER's event record interface defined linbHEPEvent by adding support for the
HepMC (versions greater than 2.0).

The source code ofi bMCTest er is placed in thesr ¢/ directory;l i bHEPEvent is stored in
theHEPEvent / directory; and i bHepMCEvent is stored in thedepMCEvent / directory.

4.3 Format and syntax of theSETUP. Cfile

The SETUP. C file is a C++ ROOT macro file, which control$/C- TESTER's settings. It is read
and executed during initialization of both phases MCaTESTER run: the generation and the
analysis. Nothing, except points discussed in the Appenduire further explanation here.
Documentation for the first version of the program is up tedat

4.4 How to makeMC- TESTER run with other generators
4.4.1 The case of++

The infrastructure for connectindC- TESTER to aC++ generator was in place in early versions
of MC- TESTER, but has recently been extended to allow analysis of C++ eeentds inHepMC
v2.0 and greater. As in the case for F77 code, the generaigrgmn should be linked to the
MC- TESTER libraries: | i bMCTest er andl i bHEPEvent , as well as a subset &OCT libraries.
Configuration ofMC- TESTER can be done either throughSETUP. C file (see Section 4.3) or
directly in the body of the generation code (see Appendiy A.2

e C++ generation program with FORTRAN event record
All event record standards included in the current versibthe HEPEvent library, i.e.
HEPEVT, LUJETS andPYJETS may directly be used in a usefs+ code. It is sufficient to
issue calls to the following three functions inside theaddtlonte Carlo analysis.

1. MClnitialize():initializesMC- TESTER. All changes to th&et up should be com-
menced before a call to this function is invoked.

2. MC_Anal yze() : performs the analysis of the event record specified ils¢hep: : EVENT
variable;

12



3. MCFinal i ze() : writes the results to the output file.

CGener at e. h contains definitions for the functions listed above, andushbde included
in the generation program.

An example of runningVC- TESTER with Evt GenLHC (C++ with HEPEVT event record
standard) can be found in the directewanpl es- C++/ evt genl hc/ .

e C++ generator with HepMC event record
To analyzeHepMC® event records the additional interface libranbHepMCEvent should
be linked to the generation code, atgpMCEvent . Has well asGener at e. h needs to be
included. Inside the main (and to be tested) event generptimgramMC- TESTER can be
called in the following way:

1. MClnitialize(): initializesMC- TESTER.

2. HepMCEvent tenp_event (HepMC: : GenEvent event): creates amC- TESTER in-
terface event to thBepMC. : GenEvent type event;

3. MC_Anal yze( & enp_event) : performs an analysis of thepMC. : GenEvent passed
to tempevent. The variabl&et up: : EVENT in SETUP. C will be ignored;

4. MC_Final i ze() : writes the results to the output file.

An example ofMC- TESTER's application toHepMC events can be found f&*TH A 8.1 in
the directoryexanpl es- C++/ pyt hi a/ .

Each Monte-Carlo generators could potentially have its astroiparticle status codes to
record the types of processes a particle can undergo. Fonpgean PYTHI A 8. 1, nega-
tive integers are used for decaying particles, whilelERW G positive integers are used.
Therefore, it is important to document the way in whid3 TESTER interpretsHepMC sta-
tus code information to conclude if a particle is stable ayecl, or history/documentation
(consistent with thélEPEVT standard codes of 1,2,3 respectively). The following defini
tions have worked successful with a variety of C++ MC ProgramolsidingPYTH A 8. 1
andHer wi g++.

— Stable: If a particle has status code 1 or no end vertex of tyggaVC. : GenVer t ex
it will be treated as stable byC- TESTER. The particle will be placed in the list of
daughters (see Section 5.) and the decay chain will not bersad beyond this
particle.

— History: If a particle has status code 3 it will be treated as docuntientand
MC- TESTER will not place it in the list of daughters. The decay chainlwibt be
traversed beyond this patrticle.

— Decayed:All other particles will be classified as decayed. The treatthof these
particles byMC- TESTER depends on the configuration of SETUP.C (see also A.2).

90Only HepMC version 2.0 or greater is supported.
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For the use of status codes beyond the above definitid3ESTER must be run with a
modified version of the event record (see Section 4.5).

Filtering of the daughter list can be achieved udiisgr Tr eeAnal ysi s (see Appendix
A.1.1).

4.5 How to makeMC- TESTER run with on-flight modified event records

Often we want to pass intddC- TESTER, not the exact event tree as stored in the event record,
but a modified one. To dat&ser Tr eeAnal ysi s (see A.1.1) has been used for this purpose.
It provides a solution which works quite well, and hence Wwél discussed in the next section.
Numerous options can be introduced in this way. Howeverhous are limited to manipulation
during creation of the list of stable (endpoint) objectsgimating from the analyzed object, or
later. Some analysis of the object itself can be introdusadell. The access to its origin or eg.
kinematical properties may be interesting.

This requires that the event record logically matches oguirements. This is not neces-
sarily always the case and one is tempted to perform someatatgat. In short, one may be
interested irHepMC to HepMC translation.

We have realized that such modules can be of interest for ajy@ications independent
from MC- TESTER as well. We will not discuss the related topic here at all. pi@ctical use
one need to call a method, which creates a temporary copyeomibdified HepMC event
accordingly.

The sequence of calls, which can serve as a possible tenfptatigture work, may look as
follows:

HepMCai d HepMCnew;

HepMCnew. Set Option(...);

HepMCnew. Modi f yEvent ( HepMCol d) ;

MC_Anal yze( HepMCnew) ;

5 The use of lists in MC-TESTER

MC- TESTER was developed over many years of experience in extractiteg fdam different
variants of event records. This section addresses therseatie are interested in this aspect of
activity. Our past experience may be of future use, it mayaxsome of the reasons behind
our program design too.

Even though the idea of a standardized event record staschas been in place for a long
time, technical problems arose. For programs cod&@RTRAN, event records (such &EPEVT
or LUJETS/ PYJETS) were typically expressed as integer-indexed arrays, gudry index rep-
resenting a single item, such as a particle. To expressaesiips between the particles or the
ordering, one had to use the arrays of indicess@3RAN did not provide for more complex
data structures such as lists. The emulation of such stestbrough the arrays of indices used
in the standards such &8EPEVT soon reached its limits: the arrays that were designed te sto
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the indexing information for doubly-linked lists repretieg the decay tree started to fail, due
to information overload: the place designated for the gf@@ pointers in the emulated decay
tree structure was re-used to store additional informafidre - initially easy - way to navigate
through the tree-like structure of the decay cascade beaauasistent, generator-dependent
and non-trivial to interpret. Moreover, to compensate e oversimplified model of the event
structure, the authors of the event generators startedrtdirce their own conventions, to fit
additional information about the intermediate, internates of the particles and objects, which
could not be expressed directfy

Energy-momentum conservation, at the tree branchingspotagways assumed; branching
points had to be ‘understood’ as part of the larger group. driggnal arrays that stored mother
and daughter pointers to encode the decay process stage/émultiple purposes, depending
on the context: either (as originally) to indicate the depeaycesses, or to encode some other
relationship. Needless to say that for the programs sudHasOS [7—-10], which relies on
consistent information about the decay cascade struciuggttact sub-trees, GiAUOLA [5, 6],
which needs to extract the information about the hard psy¢elsas become extremely difficult
to maintain a consistent generic and reliable interfaceheraevent generators.

The same type of problems obviously manifested in the lagjeatior-simulation chains,
where the input from a theory-rich physics Monte Carlo evemtegator needed to be combined
with the phenomenological description of the detector @sses, to give observables such as
energy-deposits and hits, which are in turn re-processeddonstruct the original process.
Extracting the "signal” process from an event record strieetwith overloaded data, full of
generator-specific conventions made this task, againg¢udliffand prone to errors; additional
analysis steps (which merely had to compensate for thefioguit data model of the event
record) had to be fitted to enable the use of each new eventajene

In the earliest version a¥iC- TESTER [1] we suffered from the same type of problems with
index-based navigation through the event records. Howseugse version 1.1, we decided to
take advantage of possibilities given by the C++ programn@nguage, and employ more com-
plex data structures in the processing performed/ByTESTER. Thel i bHEPEvent interface
was extended with the abstraction of "particle list”. Thetje list (HEPParti cl eLi st class)
could store pointers to any number of objects representiaegaérticles in the event record. A
set of methods, modelled on the concept of iterators fronCthe Standard Template Library
was added as well, to facilitate the navigation in the ligeot) effectively replacing the native
constructs of index-based "FOR” or "DO” loops. The previgussed methods to navigate
through the event tree using the indices were replaced Wwithist: each type of event record
(supported by i bHEPEvent ) had a new method that returned a list of child particles, thed
associated iterator object was implemented in such a walithe generator-specific conven-
tions were hidden in it, presenting a clean and simple-toHuterface. The code ®fC- TESTER
was modified to make use of these new constructs - it gainedfisantly in clarity and stabil-

10As a result, one could see in the encoded decay trees, casessiar particle decaying to anotherand
a photon, and then this secomdlecaying to yet some other particles with both of tftebeing actually two
instances of the same particle, and the fact of having thetedlitwice in the event record was to express their state
at two distinctive stages of event construction, and exypties bremsstrahlung processes gfroduction rather
than decay.
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ity: not only the previously-used, index-based syntax §eeplaced with the constructs native
to Object-Oriented languages, but also the possible depanes (or incompatibilities) could
be delegated to be served within another moduléiepEvent ), making the code much easier
to maintain. Ultimately, this also enabled the implemeaatabf theHepMCEvent interface, and
the use oHepMC-based event generators w- TESTER, in a straightforward way.

The mechanisms that extracts the lists of "daughter” pgagjcwhich is currently imple-
mented in thd i bHEPEvent , still does not address the more fundamental problem of-over
simplification in the so-far proposed event record striegumcludingHepMC: the inability to
express other types of relations between particles negefssanore complex models of pro-
cesses where for example quantum interference need to loelégc Up to now, there is only
one type of "relations”, being mother-daughter relationthe old event records, or "interaction
vertices” or "blobs” in the newer ones: they only express rilation in the decay cascade.
Other types of relations or processes still need to be "eedildoy employing special con-
ventions, or additional, often non-physical objects (marstances of the same patrticle, etc).
As already discussed, the resulting data structure is dliffto interpret: objects as physical
entities, the actual processes taking place during (oftalii-step) event generation, and to im-
plement "content enriching” generators, suchTASOLA andPHOTCS, which add to an already
(partially) generated event, stored in the event recordtdJpis point, we treat the exercises
with list-based methods for "reinterpretation” of the ewveecord data, as an initial seed for
a more concentrated effort to provide such "re-interpggticode in the near future, targeted
in particular as helper utilities for the software of larggerimental collaborations. Addi-
tional ingredients for such utilities are provided by theesence we gained with the "user
tree analysis” feature d¥iC- TESTER, documented in Appendix A.1.1 and Section 4.5, where
we extract/re-construct/correct a fragment of the evertng”on the flight”, and present it as
the input toMC- TESTER, rather than using the original event record. Such an approaith
re-engineered, re-interpreted event data, created eflighg using a simple-to-use, pluggable
script/macro files has an additional advantage: the origiment records remains unmodified,
and could still be accessed.

MC- TESTER is not the only of our projects, where the problems discusdsave have to
be addressedAUOLA uni versal interface [6] andPHOTCS [8] represent further examples.
Our program is devoted to tests, this is why it was worked efie the other two.

Similar solutions to problems as those discussed heregt®hossible. It seems that in this
respect, the case GRUCLA uni versal interface is easier tha®HOTOS. New objects need
to be added to the end points of the otherwise unmodified The.prototype solution, based
onHepMC exist already [16].

The standard concept of C++ lists can be used for minor ped&daptation irMC- TESTER
too. For example, at the time of list creation one can foreeesparticles to be treated as stable,
and its consecutive daughters ignored.
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6 Example of advancedVC- TESTER use:
benchmarks for spin correlations in heavy object decays.

One may have the impression that the modifications intradiut® the present release of the
package are minor and consist of simple improvements in thghical representation of the
output and purely technical reorganization thanks to tleeafiC++ lists.

To some degree this is true, but other changes were intrddoeeause of pressure from
applications. In the present chapter, let us show, how pragnodifications can be used for
non-trivial practical applications.

It is quite common that information stored in the event rdasrtoo large. For example
individual soft photons which remain undetectable aregmesNot only they do not influence
the detector response at all, but they exhibit technicaéespof eg. infrared regulators of
QED bremsstrahlung. In responsé;- TESTER should ignore (or group together with other
particles), those photons while analyzing decays. Otlssrwomparisons of different Monte
Carlo programs would be dominated by the technical aspetteoitplementation of infrared
regulator;MC- TESTER operation need to be adopted for this, see eg. [9, 10].

Another example where the event tree may need to be simpfdiedalidation is if spin
correlations are appropriately introduced into variousdpiction processes. Let us use as an
examplé! pp— Z/yx+X, Z — tH1". Itis convenient to start the test by restrictmgecays
to the simplest decay mode, thatti§ — 1t°v, and look at distributions in combined decay
Z — 1T VY. In this case the effects of spin correlations are largeke distribution of the
T energy spectrum (in thé rest-frame), manifests thepolarization through its slope (see fig
2a). Fortunately, this frame dependent spectrum is equlaétdistribution of the invariant mass
squared oft 1t"v. This distribution can be obtained NC- TESTER thanks to the new options
of histograming invariants squared (A.1.2) and automaiadisg of the histogram range to the
kinematically allowed maximum (A.1.3).

Final state activities will lead td decays where thepair is accompanied eg. by bremsstrahlung
photons or soft hadrons. One may want to ignore this sofatidi in the test, or quite contrary
—look only at these cases, to verify if soft emissions didrastilt from configurations of faulty
spin correlations. Finally one may want to check decays of high pr only.

On the other hand all such variants of non-standd-dTESTER analysis were rather easy
to include into our example of thdser Tr eeAnal ysi s (see. A.1.1), but we assume that in the
future other options may also become useful. On the othat fame interesting variants of the
User Tr eeAnal ysi s method may not be possible using decay product lists alomeexample
if one would be interested in decays &é originating from an objecX or accompanied X
decay by eg. anothet or top quark. For that purpose some other methods followiegdea
of user Event Anal ysi s [1] or HepMCaid (see 4.5) may be useful.

6.1 Default UserTreeAnalysis
User Tr eeAnal ysi s, is included in the source code of MC-TESTER thus can be loadtdhe

11spin correlations in decays W, H,H™ into T lepton(s) are nearly identical
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library libMCTester. The user can create his own verson ofitethod named edd User Tr ee'?,
and load it as a pre-compiled C++ macro instead. The parasmttdre built-inUser Tr eeAnal ysi s
named' User Tr eeAnal ysi s", have the following meaning:

1. params[ 0] =0. 05 minimum value of the variable used to discriminate softipkes as a
fraction of the decaying particle mass.

2. parans[ 1] =0 maximum number of possible soft particles retained, evgmagsing a
threshold of the previous option.

3. par ans[ 2] =0 type of variable used in discrimination

(a) 0 - energy in the decaying particle rest frame
(b) 1-energy inlab frame
(c) 2-prinlabframe

4. parans| 3] =0

(&) 0 -removed particles are simply ignored

(b) 1-removed particle momenta are added to the momentaofeti ones. For details
see [1].

5. parans[ 4] =22 PDG Id’s of the particles to be removed. Repetition of thisapaeter is
allowed forpar ans[ 5] , par ans[ 6] etc.

If parameters are not initialized, the default values, asmin the points above, are used.
For the example, our method defined three histograms fortpeepties of the decaying particle:
its pr, pseudorapidity and azimuthal angleThey are included, during the analysis step, in the
“User Histogram” section of thEC- TESTER booklet.

This simple method summarizes and extends the technicattspf tests we have devel-
oped in papers [9, 10].

7 Outlook

We have demonstrated thdi- TESTER may be useful for tests of libraries of particles decays,
as well as for tests of their interfaces (see fig. 2 and refdgBfor example).

The updated version of the package was found [9, 10] to hamellecases where physically
spurious information (eg. on soft photons) need to be ighofehis avoided unphysical dis-
crepancies between results from different programs. Maeadaptations of the program may
lead to a new spectrum of applications, which, as discuss&ections 4.5, 5 and 6, may find
applications independent of the future evolution of MSeTESTER software project.

125ee Appendix A.1.1 for details.
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Even with the present enrichment of functionality, the ggstrformed byMC- TESTER are
not complete from the physics point of view. The program Heg some technical limitations.
In the following we list these points, which may be addregaddture versions oMC- TESTER
and require stating.

1. The program does not analyze distributions in Lorentariants built with the help of
the totally antisymmetric (Levi-Civita) tensor. It is thubna to some effects of parity
non-conservation.

2. Information on the spin state of the decaying particlessally not available in event
record structures such a&spMC. To keepMC- TESTER modular, and to avoid a multitude
of options, we ignore effects of decaying particle polaita

3. The main advantage &C- TESTER s that it can be used with ‘any’ production generator
in an automated way, providing a tool for quick tests. Howgie final state event record
has to be stored in one of the following structures: commackd HEPEVT, LUJETS,
PYJETS[17, 18] of FORTRAN or HepMC objects ofC++.

4. If multiplicity of the particular decay channel is veryghiand/or there is a lot of decay
channels, the program may find it difficult to allocate memokyn analysis of a decay
channel with 8 or more decay products results in thousantstifigrams, which causes
output files to be large and the analysis step to be long. Hadéc limits have been
implemented: Histograms will only be created for the firdd 2@cay channels found and
only if the multiplicity of decay products is smaller than 8.

5. Some ofMC- TESTER's options, especialliyUser Tr ee method, see Section 6.1, may be
difficult to use within large systems like Athelfaf the ATLAS collaboration. This point
will also need to be investigated after the release of thegureversion of our program. It
requires interaction with the users.

The main purpose dfC- TESTERis to analyze sub-trees starting from the objects of a given
PDG identifier without any concern of its origin, and without gelecting the type of distri-
butions created. This is why there is complementarity betweur approach and the one of
Rivet [19]. The latter is designed to produce simulated distrdmg which can be directly
compared to measured data for validation and tuning pugpoBeeMC- TESTER strategy is to
test decays on a technical level at the event record contshtather than to start from al-
ready pre-identified quantities of physics interest. Oalel one may, but with constrained
possibilities only, turn to physically interesting quaies.

Updates introduced to the program after version 1.23 beqmrbéc are described in Ap-
pendix B.

Bhitp://atlas. physics.utoronto.ca/Members/bguo/satipna-12-0-0-at-cern-machines
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A Appendix: MC- TESTER setup and input parameters (up-
date for ref. [1])

The values of the parameters used\Wy TESTER are controlled using th8ETUP. C file. Some
parameters may also be controlled usf@BTRAN77 interface routines or C++ methods (Section
A.2). This provides runtime control over all parameterst gkowing the user not to have
SETUP. C at all. One should note th&ETUP. C always has precedence over the default values
set using=77 or C++ code: it is always looked for in the execution directory

A.1 Definition of parameters in the SETUP. Cfile

There are three sets of settings insMe TESTER to be distinguished: the ones specific to the
generation phase, the ones specific to the analysis phasth@mhes that are used in both
phase¥. We describe only new features, quoting the scope of their us

A.1.1 Setup::UserTreeAnalysis

Type: char*

Scope: generation

Default: null

DESCRIPTION: The name of a function that allows modificationhef list of stable parti-
cles before histograms for the decayMdf TESTER analyzed object are defined/filled in.

IMPORTANT: The name that is attributed (eg. "MyUserTree”ush be a valid method
name existing in a C++ script file located in the working dioggt The script must be given the
same name as the method, and ended with a ".C” suffix. For exarfgrlthe "MyUserTree”
method, the script flename would MgUser Tr ee. C. For further information on running and
compiling scripts on the fly sé’EADME. User Tr eeAnal ysi s in theMC- TESTER/ doc/ directory.

Example of use:

Setup: : User TreeAnal ysis = "M/User Tree";
or for the version compiled and present iroMCTest er library:
Set up: : User TreeAnal ysis = "User TreeAnal ysi s";

In this case, the UserTreeAnalysis.C is not needed, as tli@rbUserTreeAnalysis routine
will be used.

Parameters can be passed to the function. For example

Set up: : UTA_par anms[ 0] =0. 05;

Set up: : UTA par ans[ 1] =0;

Set up: : UTA par ans[ 2] =0;

Set up: : UTA par ans[ 3] =0;

Set up: : UTA par ans[ 4] =22,

Set up: : UTA_ par ans[ 5] =111;

14Some parameters from the generation phase (i.e. the démcrgd generators) are stored inside an output
data file. However, again for reasons of runtime controlir tvedues may be altered at the analysis time using the
SETUP. Cfile in the analysis directory.
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Set up: : UTA_npar ans=6;
will passnpar ans=6 parameters to the function. For the actual meaning of thenpeters if
passed intdser Tr eeAnal ysi s as present in the library, see section 6.

A.1.2 Setup::masspower

Type: int
Scope: generation
Default: 1

DESCRIPTION: This option changes the variable passed foodriaming, from invariant
mass to a power of invariant mass, at the generation stelsolt@odifies the title displayed on
histograms fromMass( 1) to an appropriatéass(val ue), showing that the power of the mass
has been changed.

NOTE: Acceptable values: from 1 to 9. Due to properties ofltbeentz group when this
option has value=2 it is particularly suitable for testsmhgpolarization, see section 6.1.

Example of use:

Set up: : mass_power=2; //set histograns to invariant mass squared

A.1.3 Setup::massscaleon

Type: bool

Scope: generation

Default: false

DESCRIPTION: This option scales invariant masses for allgptiftthe decay channel to
invariant mass constructed from all daughters combinedcdtes the X values to the range
(0,1).

NOTE: When using this option consider setting default maxminin value to 1.1, for nicer
graphical representation.

Example of use:

Set up: : mass_scal e_on=true; //enables scaling of X axis

A.1.4 Setup::uselog.y

Type: bool

Scope: analysis

Default: false

DESCRIPTION: Enables the use of logarithmic scale in all lgjsins plotted byC- TESTER.
Turning this option on will draw the histograms in logarititnscale, and mark a logarithmic
scale along the right-hand-side Y axis. This option doesaffect SDP calculation or the plot
of the ratio of histograms, which remains linear. Its cqomsling linear scale is marked on the
left-hand Y axis.

NOTE: This option, combined with previously presented di$afor UserTreeAnalysis can
be particularly useful if infrared regulator sensitivetpdes, such as soft photons are present in
the event records. See [20].
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Example of use:
Setup::use_log.y=true; //enables logarithmc scale on Y axis

A.1.5 Setup::rebin factor

Type: int
Scope: analysis
Default: 1

DESCRIPTION: One may want to define a large number of bins fog#reeration scope
of MC- TESTER. The number of bins on the actual plots, can be adjusted arthbysis step.
The contents of consecutive "rebiactor” bins are summed together. Calculation of the SDP
parameter is appropriately adjusted.

NOTE: "rebinfactor” must be the natural divider of the number of bins desdl during the
generation scope &C- TESTER.

Example of use:

Setup::rebinfactor=3; //reduces no. of bins in all histograns by factor
of 3

A.2  C++ configuration of MC- TESTER

The configuration oMC- TESTER can be done directly in the main method of the C++ gen-
eration program, without the need forS&TUP. C file. This can be accomplished by includ-
ing the header filéSet up. H and setting parameters using the same syntax as described fo
SETUP. Cfiles (see original documentation [1]). Setup should be dmfere calling the func-

tion MC_Initialize(). Note that if parameters are set in both the generation anogmd a
SETUP. Cfile, the values present BETUP. C will be given precedence.

B Appendix: updates from version 1.23 up to version 1.24.4

B.1 Changes introduced in version 1.24.2

To address the problems that are typically faced WHBTESTER is installed in a new envi-
ronment, or a new platform, an automated configuration sésgeen implemented in version
1.24.2. The configuration files required to set-up/compiteMC- TESTER may be generated
through a dedicated configuration script, which facilisattee GNU autoconf [21].

To set upMC- TESTER using the new auto-configuration facility, proceed with tbkowing
steps:

e Execute / confi gur e with additional command line options:
- - W t h- HepMC=<pat h> provides the path tblepMC installation directory (alternatively
HEPMCLOCATI ON system variable has to be set).
--W t h-r oot =<pat h> Path tor oot binaries.
- - W t h- Pyt hi a8=<pat h> Path toPyt hi a version 8.1 or later (this generator is used by
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examples only)

- - pref i x=<pat h> provides the installation path. If this option is usett| ude/ and
|'i b/ directories will be copied to thigr ef i x <pat h>whenmake instal | will be exe-
cuted. If- - pref i x=<pat h>is not provided, the default installation directdmysr / | ocal
will be used

e Executenake; this will build MC- TESTER.

e To installMC- TESTER into the directory specified at step 1) through ther ef i x param-
eter, executeake i nstal | ; this will copy the include files and libraries intmcl ude/
andl i b/ sub-directories.

e It is worth to mention that / confi gure scripts only prepareake. i nc files. These
files are rather short and can be easily modified or createcig:lone can also rename
README- NO- CONFI G t xt tomake. i nc and modify it accordingly to instructions provided
inside the file.

Further changes and bug-fixes were implemented too. Howibegrdo not require any
changes in the way the program is used. Let us nonethele#isim here:

e A bug resulting in faulty functioning of the scripNALYZE. Cwas fixed. Previously, when
comparing decay samples which differed by several disthannels, the program was
occasionally crashing.

e A bug resulting in faulty functioning oflser Tr eeAnal ysi s scripts was fixed. The pro-
gram was crashing MCAVect or was used inside the script.

¢ All offending statements resulting in compilation errofs-ansi -pedantic’ flags were
activated have been removed now.

B.2 LCG configuration scripts; available from version 1.24.2

For our project still another configuration/automake systeas prepared by Dmitri Konstanti-
nov and Oleg Zenin; members of the LCG/Genser préjdeR, 23].

For the purpose of activation of this set of autotools-basstallation scripts entex at f or m
directory and execute theuse- LCG confi g. sh script. Then, installation procedure and the
names of the configuration script parameters will diffemirthe one described in our paper.
Instruction given in "./INSTALL readme file created lmge- LCG confi g. sh script should be
followed. One can also executéconfi gure --hel p, it will list all options available for the
configuration script.

A short information on these scripts can be foun®&ADVE of main directory as well.

15We have used the expertise and advice of that team memberganization of configuration scripts for our
whole distribution tar-ball as well.
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B.3 Merging MC- TESTER output files; available from version 1.24.3

Interest in using the program on distributed systems, sadhe grid has been expressed on
several occasions. This calls for new functionality: to geeseveraht-tester.root files
into a single one, corresponding to all event samples cosahimo one.

Theanal yze/ MERGE. C script can be used for this purpose:

e Enter theanal yze/ directory.
e Executeroot -b MERGE. C (orroot -band.L MERGE. C).

e Typemerge(<output file>, <input directory>/<first file>,6 [<pattern>])
(the last parameter is optional).

e Copy<output file>intoanal yze/ prodl/ nc-tester.root
(oranal yze/ prod2/ nc-tester.root).

Example:

root -b
root [0] .L <path_to_script> MERGE C
root [1] merge("out.root","sanples/first.root","*.root")

The input to the script may consist of just tkienput di rect or y> path where reside the
.root files to be merged. Alternatively, the name of the fivet TESTER . r oot file to be
merged (<i nput directory>/<first file> ) can be explicitly given. Generator informa-
tion will be taken from this first file. The script will seardig<i nput di r ect or y>to merge all
files matching the pattern. If no pattern is provided, thedifpattern isrc-t est er _x. root .
The<out put fil e> will feature all histograms for decay channels includingrugefined his-
tograms. Histograms for decay channels of the same named fioudifferent files will be
summed together. The histogram bin count and axis rangedirt occurence will be used.

If histograms are found with a distinct axis range or numifebins, compared to other
histograms with the same name, then the content of theseidiliggmored. However, if by
mistake, the particular input file contains data for testamdther particle’s decays, then all
data from this file will be taken. All decay channels for alrfie@es under consideration will
be listed in the .pdf file constructed BC- TESTER at the analysis step. Information printed
on the front page might then be inconsistent, for example,averall number of entries or
the overall number of channels will represent decays of aitigdes. If the interest will be
expressed in future, an analysis step can be adopted toehsunch cases with better front page
of the booklet.

If the script is used outside tHdC- TESTER/ anal yze/ directory, theMCTESTERLOCATI ON
system variable needs to be set to M TESTER root directory. In addition, user can create
and adopt his own copy MERGE. C and use it instead of the default one. Note that our script
cannot be used with a version - TESTER older than 1.24.3.
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B.4 Updates introduced in version 1.24.4

Version 1.24.4 differs from 1.24.3 by comments introdua@d &ll parts of the code. Thanks
to their introduction also Doxygen documentation is sugfitly exhaustive. Bug resulting in
a faulty printout of histogram names was also fixed. Finaltydification of MERGE. C script,
necessary for proper handling of User Histograms, wasdotred.
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