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Lecture 8 — MADX introduction and examples

e This lecture is based on one by Ted Wilson (CERN) which was
in turn based on a lecture by V. Ziemann (Uppsala University)

— Installing/running MADX (on windows)
— Input of elements and beamlines

— Beta functions, tunes, dispersion

— Matching

— Examples

All credit to V. Ziemann for example input files
More examples are on the MAD-X website!
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What is MAD-X?

“A program for accelerator design and simulation with a long history”

Developed from previous versions (MAD, MAD-8, then finally MAD-X in 2002).
User guide: http://mad.web.cern.ch/mad/uguide.html

Uses a sequence of elements placed
sequentially along a reference orbit

Reference orbit is path of a charged particle
having the central design momentum of the

accelerator through idealised magnets (no
fringe fields)

Actual orbit

Reference orbit

The reference orbit consists of a series of
straight line segments and circular arcs

local curvilinear right handed coordinate
system (x,y,s)

Figure 1: Local coordinate system as used by MAD-X.
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What can it do?

* You can input magnets (& electrostatic elements)

according to the manual
* User guide: http://madx.web.cern.ch/madx/

* Calculate beta functions, tune, dispersion, chromaticity,
momentum compaction numerically.

* Generates tables and plots (.ps)
* (tip: you might need to install ghostscript to view plots)
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Why choose MAD-X?

 There are any number of tracking and beam optics codes, but

MAD-X is widely used (especially at CERN), well maintained and
well documented.

— The more lattice design you do — the more you will appreciate this about MAD-X!

e What it can’t do:

— Acceleration and tracking simultaneously

— Not so accurate at large excursions from closed orbit (as in an FFAG)
— Complicated magnet geometries
— Field maps
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Go to ‘Updates’
Production version 5.02.00
Choose your system & download:

NOTE: You may need to make it executable

4 Nov
777 madx-macosxe4

-rw-r--r--@ 1 5suzie staff 9.7M
suzie-imac:2@13Test
suzie-imac:Z2@13Test
total 19968

-FPWXPWXNW 1 Suzie

suzie-imac:2@13Test

Suzied chmod 777
Suzied 1s

-1lh

staff 9.
Suzied

M 4 Nov 11:41

5/11/14

11:41 madx-macosx64d
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A

Installing MADX

00 MAD - Methodical Accele: % Index of /frs/MAC-0S
« C ff [ madx.web.cern.ch BMge =

Pinik -3 Google Maps ) High HeelsInthe Lab _ Share on Facebook » [ Other Bookmarks

Save to Mendeley

Suzie Sheehy O] RAL Outlook

MAD - Methodical Accelerator Design

CERN - BE/ABP Accelerator Beam Physics Group

\*()L/)\f

Introduction Index of /madx/releases/last-pro
Archives

Bugs & requests
Communication
Contributors
D

Linux 32 bit library

32 bit library

64 bit library

Releases
Resources
Roadmap
Updates

64 bit library

M Macos X 32 bit library

Macos X 32 bit library

MacOS X 64 bit library

shortcuts

Macos X 64 bit library
subject index

ors ide Linux 32 bit library
examples LM Linux 32 bit library

updates

M Linux
events

64 bit library
M Linux 64 bit library
Macos x 32 bit library
Macos X 32 bit library
Macos X 64 bit library
7M. Macos X 64 bit library

SVN release in

Linux

Linux

64 bit binary

.4M MacoS X 32 bit binary

7M. MacoS X 64 bit binary
Source code tarball

Windows 32 bit binary

Windows 64 bit binary

2 164K Linux 32 bit binary

nundiff=14nuxsd 5-m 187K Linux 64 bit binary
172K Macos X 32 bit binary

205K MacoS X 64 bit binary

244K Wi

555 [ [ 0 0 0 5 B o (9 (9 (9 9

s 32 bit binary

282K s 64 bit binary
updated 2013.10.21

visits: 102875

mad support

copyright

waC ah

madx-macosx64 & showall
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* |In command prompt:
* Go to directory (with madx.exe and input files)

* madx.exe < 1nputfile > outputfile

 Oryou can add the madx.exe location to your path (if you
know how...)
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An input file — Basic FODO

// // comments out a line
// MADX Example 1: FODO cell
// Author: V. Ziemann, Uppsala University TITLE at tOp Of OUtpUt

// Date: 060910
// UPDATED SUZIE SHEEHY 04/11/2013 W
TITLE, 'Example 1: FODO.MADX'; Define particle type and momentum (pc) GeV/c

BEAM, PARTICLE=ELECTRON,PC=3.0; < Orcan use ENERGY in GeV.

D: DRIFT,L=1.0; «_————— Elements are given in the manual including
QF: QUADRUPOLE,L=0.5,K1=0.2; o
QD: QUADRUPOLE,L=0.5,K1=-0.2; definitions of L, K1 etc...

FODO: LINE=(QF,5%(D),QD,@D,5+(D),0F);  <— Define a ‘line’ —can be a cell or a whole beamline

SETPLOT, POST=2, FONT=-1; that you will USE.

USE, PERIOD=FODO; . .
TWISS, SAVE, BETX=15.0, BETY=5. 0 «——— Calculate beta functions from starting values

PLOT,HAXIS=S, VAXIS=BETX, BETY, NOVERSION=TRUE, TITLE='unmatched beta functions';

\
//Here MATCH is used as a single command this finds periodic solution
Lo PERTODFODO; Plot beta values from
MATCH, SEQUENCE=FODO; TWISS (internal table)
TWISS, SAVE;
PLOT,HAXIS=S, VAXIS=BETX, BETY, NOVERSION=TRUE, TITLE='matched beta functions';
Value, TABLE(SUMM,Q1); \ .y .
Value, TABLE(SUMM,Q2); Match the periodic solution (+Plot that)

WRITE, TABLE=SUMM, FILE=print.dat;

T Output to tables
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Result of a MADX run

[l [] [l []
L] L]

Example 1: FODO.MADX MAD-X3.04.46 21/10/10 15.29.10 20 Example 1: FODO.MADX MAD-X3.04.46 21/10/10 15.29.10

26.
2] B B
2.1 |
20. -
18. -

B (m), B (m)
B (m), B (m)

4. N —
00 1. 2. 3. 4 5 6 7. 8 9 10. 11. 12
s (m)

s (m)

With Bx starting at 15m (By at 5m) If the line is matched (periodic)
Bstart = Bend
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Output files
e Optics.dat

* Your specified output file madx<input > output
* Can specify tables

é
- madx < input >

tables etc..
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Add bending magnets

TITLE,'Example 2: FODO2.MADX';
BEAM, PARTICLE=ELECTRON,PC=3.0;
e Canintroduce your DEGREE:=PI/180.0; // for readability

own parameters QF: QUADRUPOLE,L=0.5,K1=0.2;  // still half-length
(watch the :=) QD: QUADRUPOLE,L=1.0,k1=-0.2;  // changed to full length
_ B: SBEND,L=1.0,ANGLE=15.0*DEGREE; // added dipole
 (Can use alternative
lsequence’ format FODO: SEQUENCE,REFER=ENTRY,L=12.0,‘
QF1: QF AT=0.0;
* Let’s add dipoles Bl: B, AT=2.5;
QD1: QD, AT=5.5;
* Look at dispersion B2: B, AT=8.5;
QF2: QF AT=11.5;
ENDSEQUENCE;

USE, PERIOD=FODO;

//MATCH, SEQUENCE=FODO; //Uncomment to match
SELECT,FLAG=SECTORMAP,clear;
SELECT,FLAG=TWISS,column=name,s,betx,bety;

TWISS, file=optics.dat,sectormap;

PLOT,HAXIS=S, COLOUR=100, VAXIS=DX, BETX, BETY,
INTERPOLATE=TRUE;

Value, TABLE(SUMM,Q1);
Value, TABLE(SUMM,Q2);
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Output from FODO with dipole

] []
Note the colours!

20. Example 2".F0D.02'MADX. ]!\/IAD—IX3.04|1.]5 0.]/]]/.]0 06:]6.5] We now have dlspers|on

o D. B- ' (from bending magnet)
| | Focusing changed as we

D (m), B (m), By (m)

SBEND

RBEND

00 1. 2. 3. 4. 5 6 7 & 6 101l 2. — A

)l
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Fa N N
AO.0 [ ] optics.dat
i NAHE ¥iGs "TWISS" .
@ TYPE ¥@Es "TWISS" -~
@ SEQUENCE ¥h4s "FODD” |
@ PARTICLE ¥As "ELECTRON"
@ MASS %le 0. AAA51A995982
@ CHARGE %le -
@ ENERGY ¥le 3.BPAARADA4
@ FC %le 3
@ GAMMA %le EG70.B54167
@ KBUNCH ¥le 1
o If 0 u a d d " @ BCURRENT Kle @
@ SIGE %le B
@ SIGT %le 8
SELECT, FLAG=SECTOF$ EEART ::: ?
@ EY ¥le 1
SELECT, FLAG=TWISS, aer ¥le 1
) ) @ LENGTH ¥le 12
TWISS, flle:optlcs@ ALFA %le B.B91A331259
@ ORBITS %le -8
. @ GAMMATR ¥le 3.314364527
°® Y ea gL %le f.29995A1625
O u WI ge @0 ¥le B.1913460932
@ oot ¥le -A.2152485772
. @ gz ¥le .22 FRAZEA63
m at rl Ce S @ Dimax %le 2.84772104
@ DiMAx %le 8
@ wComay ¥le B
@ voomax %le B
@ BETZMAY ¥le 1436014477
o a n a n O u t @ BETYHAY ¥le 15 .BEE37615
@ ¥CORNMS ¥le B
@ YCORNS %le B
@ DiRRMS %le 2.308150047
@ DiYRMS ¥le B
@ DELTAP %le B
@ SYNCH_1 ¥le 8
. @ SYNCH_2 ¥le 8
You can customise;me: :
@ SYNCH_4 %le B
@ SYNCH_S %le 8
select, f]_ag:my SeCa TITLE %21z "Example 2: FODOZ .MADZ"
— @ ORIGIN ¥z@s "MAD-Y 3.84.15 Darwin®
@ DATE WpBs "B1/11/18"
Or even select by comg e thos a5 55,41
* HAME 5 BETX BETY
select, flag=my secCs: Kle Sl 5l
— "FODO$START" B 1436814477 5674619595
"OFL” 8.5 1367114589 & .BA7IPEARS W
"DRIFT_B" 2.5 9.651876599 9. 600618744
ug " 3.5 & .6EAA79577 17 . ZRO78476
"DRIFT_B" 5.5 3471648314 16 . BE637E1R
" £.5 3.47154A314 15 .BE637E1R :
"DRIFT_B" 8.5 £.6EAA79577 17 . ZRITA4TE 1
5/11/14 "B Lattiée® desighr RHEFFIVAD-)C 67901874+ 4
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* Matching lets MAD-X do the tedious work for you!
 Before MATCH select at least one sequence (USE)
* Initiated by the MATCH command

* [Initiating:
MATCH, SEQUENCE='namel', 'name2’,..,/ nameX';

e (Can define constraints & variables (magnets) to achieve aim
MATCH, SEQUENCE = FODO;
CONSTRAINT,SEQUENCE=FODO, RANGE=#E, MUX=0.1666666, MUY=0.25;
VARY, NAME=QF->K1, STEP=1E-6;
VARY, NAME=QD->K1, STEP=1E-6;
LMDIF,CALLS=500,TOLERANCE=1E-20;
ENDMATCH;
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Matching input file

TITLE, 'Example 3: MATCH1.MADX’;
BEAM, PARTICLE=ELECTRON, PC=3.0;

D: DRIFT,L=1.0;
QF: QUADRUPOLE,L=0.5,K1:=0.2;
OD: QUADRUPOLE,L=0.5,Kl:=-0.2;

FODO: LINE=(QF,5* (D),QD,QD,5*(D),QF);
USE, PERIOD=FODO;

//....match phase advance at end of cell to 60 and 90 degrees

MATCH, SEQUENCE=FODO; Matching commands
CONSTRAINT, SEQUENCE=FODO, RANGE=#E ,MUX=0.16666666 ,MUY=0.25;

VARY ,NAME=QF->K1,STEP=1E-6;

VARY ,NAME=QD->K1 ,STEP=1E-6;

LMDIF,CALLS=500, TOLERANCE=1E-20;

ENDMATCH ;

SELECT, FLAG=SECTORMAP, clear;
SELECT, FLAG=TWISS, column=name, s, betx,alfx,bety,alfy;
TWISS, file=optics.dat,sectormap;

PLOT, HAXIS=S, VAXIS=BETX, BETY;

Value, TABLE(SUMM,01); // verify result Print out final values of matching
Value, TABLE (SUMM,Q2) ;
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Matching example
* Demonstration MATCH1.MADX
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Fitting beta functions

L]

L]

Example 4: MATCH2 MADMIAD-X 3.04.15 01/11/10 09.37.29

B.

B

L1
e Use MATCH2.MADX : ¥
. = 300
T 2754
5= 25.0 1
225 A
) [ | match2.out
Initial Penalty Function = B .37320083E+02 20.0 A
17.5
call: E  Penalty function =  B.14687632E+82 15.0 1
call: & Penalty function =  B.52122712E+B8 125
call: 11 Penalty function =  B.14567643E-A3 ’
call: 14  Penalty function =  B.17943760E-1A 10.0
call: 17 Penalty function =  B.36528384E-19 75 ]
call: Z8  Penalty function =  B.6659548RE-27 ’
++++++++++ LMDIF ended: conwverged successful Ly 5.0
calls 28 Penglty function =  B.665954A5E-27 0.0
fodofend:1 betx 4 3 ZO0EBABAE +A1 3. ZEAABRGAE-+A1 5 .A4370979E.
fadofend:1 bty 4 1 ABREEAGAE + A1 1. ABABBEEAE +A1 £ . 1B466950E -0
qf -=k1 1.21494427E-01 -1 .AOPREAGAE+2E 1.ABAABRGAE+ 26
qu-=k1 -1.53847975E-61 -1 .BOAGAGEAE+ZA 1. ABAAEREAE+ 26

GAPLOT-%11 1.88 initialized

plot number = 1

+ MAD-% 3.84.15 +
+ Code Modification Date: 15.01.20883 +
+ Execution Time Stamp: A1.11.18 89.39.37 +
B i I L B I I o a0 o

A

A4 MADX Example 1: FODO matching final beta function

5/11/14
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Transfer matrix matching

* Sometimes want to constrain transfer matrix elements to
some value.

* For example R;,=0 and R,.=0 will make the horizontal position
and angle independent of the momentum after a beamline.

e Thisis called an 'Achromat’.
* Other versions are imaginable
* point-to-point imaging—> R12 = 0.

— This means sin(i)=0 or a phase advance of a multiple of m.

target SOUI‘CE
point point
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Examples in MAD-X

* FODO arcs

* Dispersion suppressor

e ‘Telescopes’ for low-f3

* Synchrotron radiation lattices + achromats
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Is that it?

* ‘the not-so-ideal world’
 What happens to a,,y if we stop focusing for a distance?

b(s) = b, - 2a,s+ gys” The drift length:
a(s)=a,- gs a4
qas)= % M=& 1
S
* If we take the center of a drift (a,=0), we find b(s) = b, + F
* It doesn’t matter what you do — B will grow! 0

2
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Seems fine, until...

g

—

N

> £\

[~

Detectors are a bit bigger
than a few cm!!
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e Usually in colliders — take beam between
Interaction regions

* Simple and tunable (B, large in QF B, at QD)
* Moderate quad strengths

e The beam is not round ©

* |n arcs dipoles generate dispersion
In QF

In QD
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15.0 Example 5: DOUBLET.MADX MAD-X 3.03.13 04/11/06 20.01.39
13.5 1 B B>
12.0 4
10.5

9.0 -

* Stronger quad strengths

6.0 4

* More space between quads

B (m), B (m)

4.5 A

e Round beams

15504

0.0 T T T T . . . T :
0.0 5.0 10.0 15.0 20.0 25.0 30.0

* Usedin CTF3 linac

a1 0 a1 1l
i U U U

15.0 FODO i MAD-X3.03.13 04/11/{)6 20.02.49
13.5 B B
12.0 1
10.5
9.0 -
75
6.0
4.5
3.0
1.5
0.0

B (m), B (m)

0.0 5.0 100 150 T 200 T 250 300
Momentum offset = 0.00 %
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Dispersion suppressor

. W I i .
ant small spot size at PR ST S gn o Lo

interaction point
* Spot size: \/8[5 + (DAp/ p)* : W

* Missing magnet
dispersion suppression
scheme

SORT [ BETA X,Z/M )
w
]

-D1SPERSION X, 2/M

* Works with proper
phase advance between
elements
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Telescope and Iow B

Used in colliders to
achieve small beam
size at IP

|
|
|
|
|
i
|
Ip '« Doublet or Triplet
|
parallel-to- paralleli ¢ POInt_tO_pOInt R12=0
|
|
|

» Parallel to parallel

Source

t2 £l plane
point-to-point

|
|
12=£2 11=f1 R21=0

& [Cel o [0 28-[/f 2I- lllflt * R;;=demagnification

& 1&1/f1 120 15‘3 U 1-11f « Ratio of focal lengths
e Needs to work in both

&
For one module with |,=f, 0 S planes with
&1/, 0 doublets/triplets
e C
For both modules: _g fz/fl folf :
- J1lJ 2k
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Double bend achromat

W ==\
A U JAY

* One dipole generates dispersion and the next, which is 180
degrees apart will take it out again

« Remember: the dispersion is the orbit of a particle with
slightly too high momentum w.r.t the reference particle

 Quadrupoles are used to make Bx in dipoles small
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Triplet achromat

/

/

\_/

L

\\

Y

J\

V

* Do the 180 degrees in the horizontal plane
and the beta matching by quads between

dipoles

e very compact, few magnets, but not flexible

5/11/14 Lattice design with MAD-X



© o e ology Taciities Councll Fia I | }l:f ;i‘;’;:;:;‘:?::‘;ie
& ASTeC i
Triple bend achromat

VI = = e (1)
JW—TA—AV—1A

e Small emittance.

* Very flexible due to large number of quadrupoles.

* Adjacent drift space can be made long to
accommodate undulators/wigglers.
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Resources

* Many examples available at the MAD-X
website

— A helpful ‘primer’ by W. Herr:

http://madx.web.cern.ch/madx/doc/madx primer.pdf

You can always ask me or another lecturer — though we
can’t promise to know the answer!
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