             RTAG9: RTAG for Monte Carlo Generators
Participants: N. Brook (LHCb), A. De Roeck (CMS,chair), I. Hinchliffe (ATLAS), M. Mangano (Theory), A. Morsch (ALICE), S. Mrenna (Tevatron)

Guests & contacts during the RTAG:

Representatives from CDF/D0, B. Webber (HERWIG),

L. Lönnblad (PYTHIA), E. Boos (COMPHEP), CLHEP/HepMC representatives

1. MANDATE

The mandate given by the SC2 to this RTAG is a study of how to best explore the common solutions needed for Monte Carlo (MC) generators and how to efficiently engage the HEP community external to the LCG to this effort. The items proposed to study and evaluate include: maintenance of common code repositories, development or adaptation of generator related tools for LHC needs, how to provide support for tuning, evaluation and maintenance of the generators, the integration of Monte Carlo generators into experimental software frameworks, and structure of possible forums to facilitate interaction with the distributed external groups who provide the Monte Carlo generators.

2. THE MC4LHC WORKING GROUP

Since February 2002 a working group was formed that brings together physicists from the different LHC experiments and the CERN theory division, to discuss and organize Monte Carlo generators for the LHC. 

M. Mangano is the chair and each experiment will have several representatives (so far only pp generators were discussed and hence ALICE was not yet formally involved). An open meeting to present the plan of this group is planned in fall 2002, the date still to be defined.

The aims of the working group include

1. Provide a discussion forum for the organization of generators for the LHC.

2. Provide a direct and coherent communication line with the MC generator authors and experts.

3. Formation and steering of working groups on special topics, e.g. so far there are groups defined on

a. W production processes

b. Tuning of minimum bias events and the underlying event   

4. Preparation of an exhaustive workshop on generators, foreseen (and initially approved by the CERN management) for summer 2003. Authors of all main programs are expected to come for several weeks to CERN, give tutorials, discuss new developments, absorb requirements as discussed with the users, etc.

5. The web page can be found on 

           http://lhc-monte-carlo.web.cern.ch/lhc-monte-carlo
In view of the RTAG9 projects discussed in this report, we further propose that this group will

6. Act as the organizing & monitoring body from the experiments/theory users side, for the services put in place by the LCG/SC2. Explicit examples will be suggested below.

In this case the MC4LHC group – which initially was a collection of volunteers interested in facilitating the communication on generator matters across experiments and with the authors of packages- and its membership should ask for formal approval by the experiments and SC2.

We expect the MC4LHC to have open meetings but each experiment should nominate two formal contacts.  

The MC4LHC also needs to extend its scope to heavy ions generators and related issues.

3. COMMON CODE REPOSITORIES

Monte Carlo generators will be for a long time to come in a process of continuous development and improvement, often guided by requirements from the LHC community. Presently, for some of the programs, interactions on private basis exist between the experiments in order to exchange information on new versions. The user community will be expanding strongly in the next few years: the start of the physics TDR in CMS at the start of 2003 is just one example that will immediately enlarge the number of users. All participants in the RTAG agree that it is desirable to maintain a centrally organized code repository for generators and common generator tools.

The requirements in order for this project to be successful are defined as follows

1. The time between the release made by the program authors and the release on the general repository should be sufficiently short, of the order of two weeks.

2. The releases should be decoupled from large library releases (as it happened in the past, e.g. within CERNLIB), but announced when available.

3. Releases should be made for all supported platforms by the LCG. Presently these include Linux (two operating systems), Sun and Windows.

4. All versions released by the authors should be installed.

5. Version control: old versions should be maintained as long as they are required by the experiments. This will be evaluated and steered by the MC4LHC group.

6. The experiments/theory groups for initial checks of all generators should prepare a test suite, which allows basic validation before releasing. This will be discussed and organized by the MC4LHC group.

7. A first, non-exhaustive, list of selected packages which would be organized in this system contains

a. Top priority: HERWIG, HIJING, ISAJET and PYTHIA.

b. 2nd priority:  ALPGEN, COMPHEP, DPMJET, EVTGEN, GRACE, LHAPDF, MADGRAPH, NEXUS, PHOJET, PHOTOS, SFM & TAUOLA

          We anticipate to start off with the “top priority” set and then 

          extend to it the full list. This list is expected to evolve with time.

The installation and basic testing of a new release is estimated to take of the order of 2-3 days on average. We assume 4-8 releases of the programs per year. Most of these are delta-releases, with perhaps one or two large new releases per year. The MC4LHC group will play a role in ensuring that the number of releases produced by the authors does not exceed a too large number, i.e. 10. With about at present 16 programs to take care of, this task requires 1 FTE. Since the workload depends on the productivity of external authors, it is advisable to spread this over at least two persons. The profile of these librarians should be essential software technical oriented, for setting up and maintaining the libraries. Problems observed in the new releases by using the test suites, which are run by the librarian, should be communicated to the MC4LHC group. This group will then decide on the appropriate action to be taken.

From the MC4LHC side we expect to be ready to start up with such a system by end of winter 2003, provided technical assistance from the

SC2/LCG would become available. Obviously appropriate disk space needs to be foreseen for these libraries.

In the RTAG we also discussed the future of PDFLIB, the structure function library, which is used by most MC programs. At the moment of writing of this report there is no clear guaranteed future maintenance and update of the PDFLIB package. During the 2001 Les Houches workshop the LHAPDF project has been proposed, which aims at providing a modern replacement of PDFLIB. The LHAPDF package is already operational now and includes the most recent proton structure functions and techniques to estimate errors on PDFs.  LHAPDF will in future also contain an interface to PDFLIB, in order to allow for retrieving the information of older PDFs, e.g. to compare new calculations with published ones.

An initial evaluation of LHAPDF has been made in the RTAG, to check if this package can be the future replacement of PDFLIB. A number of issues have been identified and communicated to the main authors.

Generally it was felt that this package has the potential to become the new standard to be used in generators and we propose to support it. Hence we decided not to request any support to maintain PDFLIB but instead we would like to adopt the LHAPDF package. We would like to reserve a possible request of person-power to help with maintenance of this package if for some as yet unexpected reason in the future this would be no longer guaranteed by the present authors. 

ATLAS plans to switch to the LHAPDF package in their next software release cycle.

In order for LHAPDF to become the default, its interface will have to be available in the generators. The authors, as was done for PDFLIB, should implement this. The MC4LHC group will encourage the authors to do this for those event generators that have not yet implemented it.

4.TOOLS AND COMMON DEVELOPMENTS

The RTAG also discussed the development and adaptation of generator related tools for LHC needs. The one discussed in most detail was the use of HepMC as a common event interface to OO code.

ATLAS and LHCb already make use of HepMC. CMS and ALICE have private interfaces. CMS is interested in a common interface and a first evaluation of HepMC reveals that HepMC would be a good basis to start from. ALICE so far prefers to remain with its ROOT based interface, but accepts HepMC as a ‘LHC-wide’ interface for e.g. common data-sets. Hence the RTAG proposes HepMC as the future common interface for Monte Carlo events, for the LHC experiments. It will be imperative however that a good turn around time for both maintenance and reaction to potential future user requirements is achieved. 

     Furthermore, a tool similar to HepPDT, which contains the particle   

     properties used in all generators AND simulation packages, is

     considered to be very important. HepPDT is currently still being 

     evaluated to check if it satisfies the needs, e.g. in the simulation sector,  

     and for generator specific information.

Both HERWIG and PYTHIA plan a first release of a C++ version of their respective Monte Carlo program on the timescale of mid to late 2003. These versions will provide event data in the HepMC structure and will make use of the HepPDT particle data tables. The MC4LHC group will further encourage other generator groups to use HepMC/HepPDT. Interfaces already exist for the present HERWIG and PYTHIA FORTRAN versions of the MC, and for data in the HEPEVT format, and thus can already be used. Hence the use of common format can be implemented relatively quickly.

The RTAG expressed some concerns regarding the organization and maintenance of HepMC. Presently HepMC is distributed as a package in CLHEP. We expect that when the experiments start to rely on HepMC a number of requirements will be expressed, and some problems will be encountered which need easy but quick fixes. Therefore we request that HepMC (and HepPDT) will be distributed in a separate releasable package to ensure an efficient response.

Recent experience with HepMC showed that the reaction time to reported problems had been too long. This may have been a special case, but it has to be watched.

In view of this, and given that HepMC will become of crucial importance when adopted as a common generator interface for the LHC experiments, we propose to monitor the developments and turn around from the HepMC responsibles to questions from the LHC MC users in the next 6 months. 

We would like to ask the LCG a guarantee to provide help in terms of person-power, in case the HepMC reponse is judged to be inadequate, and also to help assuring the project continues to exist in the time span needed by the LHC experiments.

The MC4LHC group will act as a formal discussion partner with HepMC/HepPDT for the requirements at the LHC-wide level.

5. COMMON EVENT FILES

Generally each experiment will generate its own event files. However in some particular cases common event files, which can be used or exchanged between the experiments, may be very useful. Examples for cases of common event files are listed below:

1. Files generated in order to have a number of benchmark processes in common which allow for a direct comparison between the response of the different experiments

2. Some channels are tricky to generate or event generators tricky to use: e.g. combinations of different channels which are produced in different runs, whereby double counting or holes in the phase space should be carefully avoided. These problems are often most easily dealt with by the MC experts themselves e.g. CMS makes already use of files prepared by MC experts within the collaboration, notably for the COMPHEP program.  Note that at FNAL the COMHEP collaboration has installed a library of files to be used by the experiments.

3. Some generators – particularly those calculating HO corrections to processes – can be very CPU intensive.

4. It is expected that the availability of common files will speed up the validation procedure.

5. Such files can be used to set up a library of SM processes which serve as background for searches of New Physics processes (e.g. to be used for a blind search type of exercise to find new physics in MC data).

6. It is expected that the common files will be of interest both for experimentalists and theorists.

7. Files with machine and beam related background can be kept in common.

The management of the event files will be taken care of by the MC4LHC. The storage and persistency mechanism used will depend on the implementation of the LCG persistency framework. The format will be that of HepMC. The allocation of disk space (the order of Terabytes) needs to be foreseen. To the LCG we propose to ask  for manpower to assist in: 

1. setting up a book keeping system for the produced files and corresponding meta-data

2. setting up the infrastructure to produce MC files in the chosen persistency data base.

A technical proposal needs to be put into place. 

We expect to start designing this system early 2003, in order to have it operational in the spring/summer of 2003.

6. TUNING AND VALIDATION OF EVENT GENERATORS
The RTAG considered the tuning, evaluation and maintenance of the generators. The conclusion was that

1. The set up of a generator validation suite is considered to be very useful and important.

2. The minimum version of such a suite will allow to compare releases from generators via some chosen key processes and distributions (at FNAL D0 plans to set up such a system).

3. A more ambitious tool similar to the HZTOOL (http://www.desy.de/~h01rtc/hztool.html) as used at HERA is desirable. HZTOOL has been developed in the context of the HERA MC workshop in 1998. It consists of a test suite for MC generators, including distributions of detector corrected data from the HERA experiments, and some LEP data, plus the full infrastructure which allows to make the correct cuts on the MC in order to compare consistently with the data. For the LHC case, such a test suite will now contain Tevatron data, and in due time LHC data. The experience at HERA is that this facilitated enormously the interaction with the MC experts and the tuning of their Monte Carlos.

4. There is significant interest from the Tevatron side in such a system and some activity is already starting on this topic.

The full validation suite, as presented in item 3 above will need the relevant infrastructure to be set up according to the following requirements:

a. Interfaces to most generators (via HEPEVT now and HepMC in future) must be in place.

b. Implementation of MC histogram production that corresponds to the published, corrected experimental data. It should correctly apply the experimental cuts and ensure a correct kinematic phase space selection. It should also include tools needed, e.g. jet algorithms.

c. Include published corrected data. Calculate (2 comparisons with the MC distributions. Separate statistical and systematical error contributions. Automatic histogram production.
d. Each physics paper included is self contained and documented. The code is in general provided by the experiment.
e. Templates should be provided to allow non-experts to simply add new data/routines
The MC4LHC group will set up a working group charged with making a complete plan for the tuning and validation. Persons from HERA and the Tevatron will be invited to participate. The group should work closely together with the efforts already under way at FNAL. We note that J. Huston and S. Mrenna have recently started up a series of regular meetings on this topic at FNAL. Hence it is timely to start this discussion now at the LHC and start identifying available people within the experiments. The MC4LHC subgroup in collaboration with the Tevatron experiments can propose/work out a common format of this tool. 

The MC4LHC subgroup is expected to report back early 2003, after which prototyping of such a system could start.

A detailed evaluation of this project can take place in the context of the MC4LHC in the summer of ‘03, during the workshop at CERN.

Person-power from the LCG pool would be useful to assist in setting up this environment. Initial estimations suggest that one FTE equivalent would be needed for the order of six months. Afterwards some reduced person-power will be needed for the maintenance, but most of the input should come from the users. It is expected that this person-power would be needed some time spring next year.

7. INTEGRATION OF MC’S AND FORUMS

The discussion on the integration of the Monte Carlo generators with the specific software of the experiments has been left to the experiments itself, apart from the definition of a common interface, namely HepMC.

The structure of the possible forums to facilitate interaction with the external generator experts consists so far of two parts

1. The MC4LHC initiative as mentioned throughout this report

2. The planned large-scale generator workshop during the summer of 2003.

The topics foreseen to be included at this workshop are:

1. Tutorial sessions for the users and in particular for students new in this field

2. Promote interaction between MC developers and users, improve the users knowledge of the available tools, present the pro’s and con’s of different approaches to event generation, collect users’ feedback, identify areas where improvements in the code are needed.

3. Develop further projects like the MC validation and tuning project.

4. Discussion on C++ codes.

8.OTHER ISSUES

The RTAG was also approached to express its advice for units to be used

(mm vs cm; MeV vs GeV) which are not the same in different simulation programs used further down the software chain. From the generator point of view, GeV is the natural unit and is the one proposed to be used.

The proposed coordinate system to be used is the one defined by the machine.
9. SUMMARY

The RTAG has identified the following needs:

1. Well-maintained common repositories of MC code.

       Here we propose to request for 1 FTE from the LCG resources

2. Common interface for events to OO code and the use of “universal” particle tables

       The choices have converged to HepMC/HepPDT

       We propose that the LCG supports this choice and ask  

       this person-power be allocated to this project if the initial  

       experience, which should be evaluated in approximately six  

       months from now, would indicate that there is such a need.

3. Common event files for special purposes

  We propose to ask the LCG for technical assistance for setting  

       up and maintaining such an environment 

4. The development of a common validation tool/test suite, in collaboration with the Tevatron experiments. 

         We propose to ask the LCG for technical assistance for setting up   

         and maintaining  such an environment

The MC4LHC group can and is willing to manage/coordinate these projects from the experiment/theory user side. To be successful it needs the support of, and interaction with, the LCG, in particular for infrastructure and technical assistance.

As a final remark we note that at FNAL the computing division has filled a position for a MC expert for assisting the experiments in dealing with Monte Carlo generators (not for the installation of generators). In general such a person/position is considered to be very useful also for the LHC. If such a possibility exists at CERN, we need to carefully work out the exact task description and the corresponding required skills of the person one would like to hire for this job, as well as to define the time from which such assistance would become most useful. 

