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F.Schmidt. An Overview
Why MAD-X

• MAD8: well debugged but:
– Program Structure has grown much too complex over the years
– Zebra Memory Management outdated and maintenance questionable
– Modules interleaved and not independent
– New modules hard to integrate
– Upgrade to TPSA, Normal Form etc practically impossible

• MAD9: modern, C++, object-oriented but:
– Very complex & slow
– Our group invested a lot of time to get to run it for the LHC, but to no avail…
– Hardly any expertise in C++ in our group

New Project based on MAD8 called MAD-X to quickly have a tool ready for LHC 
Design work
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F.Schmidt. An Overview
Project Style

Organized Team work rather than a single expert

1. One “custodian” to look after the program core and to 
oversee module development 

2. Team of module keepers 
3. Disadvantages: more work for users (Code, Example & 

Documentation!!!), more disciplined and structured work 
(CVS etc), less homogeneous code, some modules may be 
delayed, succession issue

4. Advantages: better sharing of work load, potentially better 
code since user defined, user steer progress of code, users 
relate better to code, I.e. improved user satisfaction
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F.Schmidt. An Overview
Module Keepers

1. Alexander Bolshakov (ITEP) – various additions
2. André Verdier – survey, thintrack
3. Daniel Brandt– ibs
4. Etienne Forest (KEK) – PTC proper
5. Frank Schmidt – Custodian, c6t, twiss, PTC modules
6. Frank Zimmermann – dynap
7. Fulvia Pilat (BNL) – SXF
8. Helmut Burkhardt – makethin, MAC system 10
9. John Jowett – Windows Version
10. Oliver Brüning – match
11. Ralph Aßmann – emit
12. Thys Risselada – threader & MMK secretary
13. Tommaso d’Amico – plot
14. Werner Herr – error, cororbit
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F.Schmidt. An Overview
Status and Outlook 

•• MADMAD--X is ready and used in the LHC designX is ready and used in the LHC design
• It is well debugged and documented
• There is a host of new features 
• The code is well prepared for long-term maintenance 
• New modules can be added with ease
• There is an excellent extension path using PTC (see talk):

– Most left out modules can be replaced by much better 
ones

– Better physics models even for extreme cases
– Complete TPSA packages
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F. Schmidt . An Overview
Purpose of MAD-X Day

•Presentation of MAD-X Code to the World Accelerator 
Community

•Assessment of the present MAD-X Code including 
Services

•Collecting missing features of MAD-X

1.Covered by PTC

2.Requiring New or Upgraded Modules

3.Windows Version
•Distributing work load to Module Keepers
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I Part of MAD-X Day
Core Software

• Hans Grote: Design Criteria
• Frank Schmidt: PTC Integration
• Werner Herr: Closed Orbit Techniques
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H.Grote. MAD-X Design Criteria
Program Organization

• Right from the start the following principles were adopted:
– the program will consist of one core part and attached modules
– the core will be managed by the “custodian”, the modules by “module 

keepers”
– it must be very easy to add modules, and they must be independent
– the data structure for the input and output of the modules, and the 

interface to the modules will be provided in the core program
– the input language will follow to some extent the more structured 

format of MAD-9
• For the core (which had to be written from scratch) C was chosen as 

programming language, because:
– it offers structures and object-orientation at least for the data
– its memory management is truly dynamic
– it is known by many people in the AP group
– it can easily be mixed with Fortran

• The modules can be in any languages that can be linked with C
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H.Grote. MAD-X Design Criteria
Program Organization (continued)

• When adapting the MAD-8 modules, the following principles were 
applied:
– elimination of Zebra
– the module output is normally stored in TFS format tables (this 

format has been developed originally for LEP online data)
– many low-level checks in the code have been moved up to the core

• The input language was extended to include the following new 
features:
– truly instantaneous and deferred definition of variables
– command-line access to variables in tables for further usage
– vectors of numbers, or strings
– IF…ELSEIF…ELSE, and WHILE constructs
– macros: group of commands with the possibility to replace formal

parameters by real ones
• Last but not least, certain execution errors are sent to termination 

routines that allow sensible error messages instead of “segmentation 
violation” followed by 100 Mbyte memory dump.
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H.Grote. MAD-X Design Criteria
Program Organization (continued)

• Although intended right from the start, it is only recently that the 
program became really “stand-alone”:
– no special libraries are needed (e.g. CERN, XLib, etc.) for the new 

version without online graphics
– the plot program writes its own PostScript file
– the regular expression match was finally written from scratch in C, 

because it did not exist under Windows
– the expression decoding I took from a converter program I wrote 

some time ago in C++
– the minimization routines were taken from MAD-8 (double 

precision versions of CERN Library routines)
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H.Grote. MAD-X Design Criteria
WHILE + table access
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F.Schmidt. PTC Integration into MAD-X
Some Facts about PTC

• Medium sized Package: 
PTC 68’000 Lines
MAD-X 53’000 Lines

• Part I of PTC: The Truncated Power Series Analysis 
(TPSA) called FPP, comprises 20 Years of 
Development in Power Series and Normal Form 
Analysis. Takes full advantage of object oriented
programming and polymorphism.

• Part II of PTC proper: (5 last years) makes use of  
FPP to track through magnets in a truly symplectic
way. 
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F.Schmidt. PTC Integration into MAD-X
Magnet Treatment in PTC

• Same Elements as in MAD-X, including all special features ε1, 
ε2, H1, H2 etc.

• Rectangular and Sector bends in all generality
• Magnets are preferably treated as thick elements including 

multipole errors, which will be split for symplectification
• Elaborate Symplectification Techniques

– Various Split Combinations: Drift_Kick, Matrix_Kick, 
Delta_Matrix_Kick etc

– Different Split Method to several Orders
– Number of Splits
– Exact Option: on/off

• Normal Form: Order & Phase Space variables
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F.Schmidt. PTC Integration into MAD-X
How will we use PTC in MAD-X?

• Linear coupled Lattice Functions TWISS3 (presently 
available in rudimentary form)

• Replace Modules that involve Normal Form Analysis 
DYNAMIC & STATIC (presently available in rudimentary 
form)

• Parameter Dependence of Variables of Interest on other 
Variables Nonlinear Matching

• Extend the Physics Models in particular for small Machines
• Proper treatment of Geometry of Magnet in the Tunnel
• Survey with CAD like presentation including particle tracks
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W.Herr. Closed Orbit Techniques in MAD-X
Orbit correction in MAD8

• What was there in MAD-8 ?

– correct closed orbit with MICADO
• What was missing?

– trajectory correction
– additional algorithms
– treatment of missing monitors
– realistic simulation features
– correction to (non-zero) traget orbits

• What has changed?

– everything
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Part II of MAD-X Day
Windows Version and Mathematica Interface

• John Jowett: Windows Version
• John Jowett: Higher Level Interface 
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J.Jowett. Windows Version of MAD-X
Access and Future Plans
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J.Jowett. Higher Level Interaction with MAD
What happened elsewhere
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J.Jowett. Higher Level Interaction with MAD
Madtomma
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J.Jowett. Higher Level Interaction with MAD
Some things that have been implemented
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Part III of MAD-X Day
Applications

• Helmut Burkhardt: Transfer Lines
• Frank Zimmermann: Linear Colliders (CLIC)
• Catia Milardi (Frascati): Small Machines
• Nikolay Malitsky (BNL): MADX-SXF-UAL
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H.Burkhardt. MAD-X for Transfer Lines
Transfer Lines TI 2, 8
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H.Burkhardt. MAD-X for Transfer Lines
MAD-X Ti8 tracking with aperture and collimation
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H.Burkhardt. MAD-X for Transfer Lines
Linking TI 8 and LHC MAD-X optics
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H.Burkhardt. MAD-X for Transfer Lines
General Comments

• I see MAD-X as public open software project like Geant4, just on 
a smaller scale with all source code openly available, running 
with standard gnu compilers

• There is no problem to include C++ and the MAD-X structures 
and memory management could profit a lot from the C++ 
standard library data structure and algorithms (vector, list, …)

• Use of Fortran: was probably necessary to have a quick start 
from MAD 8 and to not exclude people which still did not learn 
C/C++ from contributing to MAD 8 should however be 
avoided as mush as possible for further developments
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F.Zimmermann. MAD-X for CLIC

H. Braun, R. Corsini, T.d’Amico, A. Faus-Golfe, 
M. Korostelev, S. Redaelli, T. Risselada, D. Schulte, 
F. Tecker, and F. Zimmermann for the CLIC Team

•applications of MAD8 to CLIC & CTF3
•minimum requirements for MAD-X
•desirable extensions



N. Malitsky. Report from MAD-X day, September 12, 2003

F.Zimmermann. MAD-X for CLIC
3 TeV CLIC
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F.Zimmermann. MAD-X for CLIC
CLIC IP Beam (S. Redaelli)

Tracking through CLIC Beam Delivery at 3 TeV. 
MAD8 simulations include finite energy spread & synchrotron radiation. 
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F.Zimmermann. MAD-X for CLIC 
CERN-DESY-SLAC Code Comparison (S. Redaelli)

Without SR, MAD8 Y spot size is much larger than in MERLIN, PLACET
and DIMAD. May PTC help!?
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F.Zimmermann. MAD-X for CLIC 
MAD is important for CLIC

In the past, the design and on-line models of all 
components for CTF-3 and for the  3-TeV CLIC design 
have relied heavily on MAD8.

We would like to have at least the MAD8 functionality 
maintained in MAD-X.

This is not yet completely the case. Certain extensions 
would be welcome and are encouraged!
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F.Zimmermann. MAD-X for CLIC 
Top Ten MAD modules

TWISS

MATCHING

SURVEY

TRACK

EMIT

DYNAP 

IBS

EFIELD

EALIGN

CORRECT
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F.Zimmermann. MAD-X for CLIC 
More Urgent MAD-X Problems

• RMAT & TMAT not working?
[needed for any transfer line matching] 
re-establish late MAD8 functionality!

• GLOBAL not working.
[needed for any transfer line matching]
re-establish late MAD8 functionality!

• L-Cavity does not work with Twiss
[needed for optics matching of all linacs including CTF-3 linac] 
re-establish late MAD8 functionality!
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F.Zimmermann. MAD-X for CLIC 
MADX’ Positive Features

• IBS is working fine
• Closed orbit correction considerably improved
• PTC will hopefully facilitate tracking and might 

aid in nonlinear optimization for DR and BDS
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F.Zimmermann. MAD-X for CLIC 
CLIC Special Requirements

• Many problems require specific tracking features, 
e.g.:
– coherent synchrotron radiation, collimator wake fields,

linac wakes, gas scattering, or collimator scattering.
• Another important group of beam-dynamics studies 

need integrated simulations including various 
beam-line segments, e.g.:
– simulations from the Damping Ring to the IP

• Suggested extension: Data-exchange interface to 
allow fast data piping to and from user programs, 
e.g.:
– enabling user-defined coordinate transformations by 

external program for selected element classes.



N. Malitsky. Report from MAD-X day, September 12, 2003

F.Zimmermann. MAD-X for CLIC 
Conclusions

• MAD8 is a valuable tool for CLIC studies.
• We expect MAD-X to follow this tradition and not to lose 

the contact to the lepton machines. We hope that a few 
minor requirements (LCAV, dipole end faces, RMAT, 
GLOBAL) can be resolved quickly.

• A communication interface for tracking will greatly 
enhance the reach of MAD-X simulations for CLIC.
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C. Milardi. MAD-X for Small Machines
Modeling requirements for some Lepton Low 
Energy Accelerators 

•DAΦNE
•DAΦNE II
•CTF3

In terms of:
magnetic element description
linear & non-linear optics
longitudinal dynamics

Keeping MAD 8 as a reference 
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2 Rings sharing 2 Interaction Regions

Each Ring
no periodicity
4 different kind of short dipoles
4 wigglers (lw = 2 m   Bw = 1.9 T)
strong focusing by short QUADs
huge solenoidal field BIR1= 2.4 T m BIR2 = 2.2 T m

DAΦNE the 
Frascati e+ e-

collider

23.3 m

32.5 m
e +

e -

IR1

Parameters:
E = .51 GeV
C = 97.68 m
fRF = 368.263 MHz
Bρ = 1.7  Tm
Crossing angle @ IP

IR2
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C. Milardi. MAD-X for Small Machines

MAD 8 has been successfully used for:
• DAFNE design
• optimizing first and II order optics
• tuning Betatron function at the IPs, 

even during data-tacking
• tuning αc
• Dynamic aperture calculation & optimization

The DAFNE model has been adapted for MAD-X

Real improvements in the modeling capabilities are 
expected from PTC
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C. Milardi. MAD-X for Small Machines
Improving Wiggler Model

If Wigglers are represented as dipole arrays
to step further the MAD 8 capabilities it’s 
necessary to introduce, at least, dipole splitting
to deal with:

• multipole insertion
• matching @ the element centre

then two FINT values must be specified

Better analytic wiggler field model & symplectic
integration for long term tracking to:

• optimize sextupole configuration
• enlarge dynamic aperture
• increase the Touschek lifetime
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C. Milardi. MAD-X for Small Machines
About the ‘Match’ module

•Make the if else structure working
within a matching procedure (MAD-X)

•Allow user defined function minimization
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C. Milardi. MAD-X for Small Machines
Longitudinal Dynamics

Include the BMPM module to compute:
Touschek lifetime
bunch length
..

Include wake field
to deal with anomalous bunch
lengthening

For RF cavity add the capability to
define   fRF frequency (MAD-X)
deal with more than one cavity
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Selected TL area transports:
e+ LINAC -> Acc

Acc     -> MR+

e- LINAC -> Acc
Acc     -> MR-

Time consuming switch of QUADs 
configuration affects  τinj  -> Lint

DAΦNE Transfer Line

Two lines matching 
capability (MAD-X)
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N.Malitsky MAD-X & UAL linked by SXF 
Standard eXchange Format (SXF)
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N.Malitsky MAD-X & UAL linked by SXF 
MADX-UAL-ROOT Integrated Approach

MAD-X
Modeling

SXF UAL
Simulation

MAD

mad.home.cern.ch/mad

ROOT
Analysis

root.cern.chwww.ual.bnl.gov

errors
misalignments
aperture
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N.Malitsky MAD-X & UAL linked by SXF 
MADX-UAL-ROOT Integrated Approach (continued)

• MADX vs MAD8 
– eRHIC project: IR design, electron ring (S. Tepikian)

• SXF 
– coordination (F.Pilat)
– maintenance and upgrade of RHIC filters (V.Ptitsyn)
– parser upgrade with aperture attributes (R.Fliller III)
– porting to the Windows platform (Y.Malitsky)

• UAL 
– APDF-based Framework (N.Malitsky, T.Satogata, R.Talman)
– SIMBAD (A.Luccio, N.D’Imperio)
– Accelerator Instrumentation Model (P.Cameron, M.Blaskiewicz, 

R.Calaga, N.Malitsky)
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N.Malitsky MAD-X & UAL linked by SXF 
MADX-UAL-ROOT Integrated Approach (continued)

• ROOT
– UAL/ROOT interface (R.Fliller III)
– CORAANT: COmprehansive Root-based Accelerator ANalysis

Toolkit (R.Fliller III)
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N.Malitsky MAD-X & UAL linked by SXF 
eRHIC Electron Ring  Application

S.Tepikian

UAL MAD 8 MaryLie

MAD 8 Lattice

DB

MAD X Lattice + Commands

DB

MAD X

?

SXF
J.Cardona

PTC

Twiss functions

One-turn map

Dynamic aperture (radiation effects, errors, …)
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N.Malitsky MAD-X & UAL linked by SXF 
Next Steps: Accelerator Propagator Description Format  

Catalog of Algorithms Accelerator (SXF)

…
<link algorithm=“SectorTracker” 

sector=“d1, qf1”/>
<link algorithm=“DriftTraker”

types=“Default”/>
<link algorithm=“MltTracker”

types=“Quadrupole|Sextupole”/>
<link algorithm=“BPM”

elements=“bpm1”/>
…

SectorTracker

DriftTracker

MltTracker

BPM

Collimator

RfCavityTracker

APDF d1

qf1

qd1

sd1

bpm1
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N.Malitsky MAD-X & UAL linked by SXF 
Next Steps: APDF (Continued)

Z
L

IB

T
E

A
PO

T

A
C

C
SI

M

T
IB

E
T

A
N

IC
E

A
IM

SP
IN

K

PA
C

UAL Element-Algorithm-Probe Framework

APDF Builder Accelerator 
Propagator

A communication interface for tracking will greatly enhance 
the reach of MAD-X simulations for CLIC (F.Zimmermann)

APDF file
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N.Malitsky MAD-X & UAL linked by SXF
APDF-based applications

• Longitudinal Dynamics: sector 2D matrices + RF +
• Dynamic Aperture: element-by-element tracker with type-based 

associations
• Online model: sector maps + trackers of  selected elements (e.g. 

Fast Teapot)
• Instrumentation modeling (e.g. MIA, BTF) : conventional 

tracker + diagnostics devices
• Space charge studies: conventional tracker + space charge 

insertions (e.g. SIMBAD)
• Spin studies: Spin tracker as a wrapper of conventional tracker 

(e.g. SPINK )
• eRHIC: conventional tracker with synchrotron radiation effects
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N.Malitsky MAD-X & UAL linked by SXF 
Next Steps: Post processing environment

TFS

Mathematica

Madtomma
XMGRMAD

FORT.8
MAD Twiss file

Qt GUI

CORAANT

UAL ROOTUAL/ROOT



N. Malitsky. Report from MAD-X day, September 12, 2003

N.Malitsky MAD-X & UAL linked by SXF 
ROOT graphics (R.Fliller III)



N. Malitsky. Report from MAD-X day, September 12, 2003

IV Part of the MAD-X Day
Open Discussion Session: Wish List

• Pool Dump 4-6 weeks (low)
• Flushing buffers FS
• Kill Memory Leaks FS
• Delta/p PTC
• Matching with PTC FS, (ITEP) 
• RMAT, TMAT Matching OB
• User defined Penalty Functions OB
• Matching with Strength Limits OB&FS (low)
• Synchrotron Radiation Alexander Bolshakov (ITEP) 
• LCAV PTC FS
• Space Charge, Wake fields GSI module keeper
• Translation of coor without the change of change of reference PTC FS
• Fint different at both ends CM
• Nested Elements of different lengths and types EF&FS
• Communication with other Modules FS
• Time dependent effects VK
• Interactive Plotting on Windows HG&JJ
• DYNAMIC/STATIC FS&ITEP
• Ptc_Twiss FS
• Equilibrium emittance improve (EMIT) FZ (low)
• Toucheck FZ&CM
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BNL CAD initiatives for adapting and 
contributing to the MAD-X software

• Maintenance and applications of the MADX-SXF  
package (F. Pilat, N.Malitsky, V.Ptitsyn, S.Tepikian)
– eRHIC, RHIC, …

• PTC vs UAL (D. Trbojevic, E. Forest, N.Malitsky,  …)
– “On a more serious topic, actually an extremely serious 

topic, it involves … flat file …A beam line is NOT a 
collection of magnets”….
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