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DAO®ONE : atracking program for the Frascati ®@-factory
M.E. Biagini

1. INTRODUCTION

The DADNE D-factory, under construction in Frascati, presents, among its unique
features, the necessity to compensate the high solenoidal field of the detectors KLOE and
FI.NU.DA.(1.2) which will be installed on the two Interaction Regions. Due to the
relatively low energy, the coupling and focusing effects of these devices have a great
influence on the beam behaviour and their compensation must be carefully studied. In
Tablel @) and | b) the principal characteristics of the two detectors are summarized. Here
Ks=Bz/(2Bp) and 6s= KsLg, the value printed is the rotation from I.P. to one solenoid's
edge.

Table! a) - The KLOE field Table | b) - The FI.NU.DA. field *
Bz (T) 6 Bz (T) 15
Ls(m) 45 Ls(m) 23
Kg(md) 176 Ks(m?) 442
052 (deg) 227 052 (deg) 29.

As we said before, the main effects of a solenoidal field on the beam are the
focusing on both planes and the rotation. For instance at the end of the KLOE detector
the trajectory coordinate frame has a rotation around the main axis of about 23°, at
510 MeV, and the beam experiences a focusing equivalent to a quadrupole with a
strength of .031 m™2. The rotation must be corrected since it leads to a coupling between
the horizontal and vertical betatron oscillations, that must be absolutely avoided in alow-
coupling machine (k=1%) like DA®NE. The correction scheme(3) foresees a rotation of
each low-3 triplet quadrupole, corresponding to the rotation of the beam at the
guadrupole position, plus two compensating solenoids at both I.R. ends, to fully decouple
the two phase-planes. In Table 11 @) and Il b) are summarized the two |.R. layouts.

* preliminary design.



Table Il @) - The KLOE half Interaction Region layout.
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L (m) K2 Bz ANGLE

TYPE NAME (Projected) (m-2) (M (rad)
IP1
SOL KLOE 0.460 0.6

QUAD QKFI1004 0.200 3.4839635 0.6 .10423
SOL KLOE 0.170 0.6

QUAD QK DI 1005 0.350 -6.049274 0.6 17689
SOL KLOE 0.150 0.6

QUAD QKFI11006 0.270 3.101060 0.6 25371
SOL KLOE 0.350 0.6
SOL KLOE 0.300 0.3

DRIFT o 1.105

DIAG BPSI 1003 0.000

DRIFT 0] 0.100

COMP SOL 11002 0.300 -.759

COMP SOL 11002 0.540 -1.52

COMP SOL 11002 0.300 -.759

DRIFT O 0.305

CORR CHVI11008 0.100

DRIFT 0] 0.050

Table Il b) - The FI.NU.DA. half Interaction Region layout.

L (m) K2 Bz ANGLE
TYPE NAME (Projected) (Mm-2) M (rad)
P2
soL FINUDA 0.46000 15
QUAD QFFI12004 0.20000 3.0 15 0.24933
SoL FINUDA 0.19000 15
QUAD QFDI 2005 0.30000 65 0.75 0.40555
DRIFT 0 0.27400
QUAD QFFI1 2006 0.20000 4.0 0.43378
DRIFT 0 1.32900
DIAG BPSI 2009 0.00000
COMP SOL 12002 0.30000 -.759
COMP SOL 12001 0.69600 -1.52
COMP SOL 12002 0.30000 -.759
DRIFT o) 0.65100
CORR CHVI12008 0.10000
DRIFT o) 0.05000
DIAG BPSI 2010 0.00000

This compensation scheme is valid only for on-energy particles, so a careful study
of the off-energy behaviour, to evaluate the residual coupling, isrequired.
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Moreover, the choice to horizontally cross at an angle ranging between 10 and
15 mrad, makes the two beams pass off-axis in the low-f triplet, so this angle must be
included in the smulation. The particles arrive at the splitter entrance, where the vacuum
chamber splitsin two parts, the short half of one ring and the long half of the other, with
a beam-to-beam half separation ranging from 4.7 cm to 7.1 cm and a half divergence
ranging from 3.5 mrad to 5.3 mrad. Then, to take into account that in the two rings the
beam travels on-axis, atrandation and a rotation of the horizontal coordinates (x,x") must
be performed.

These peculiarities and the lack of a computer code capable to simulate them is the
reason for the developing of a new tracking program, suitable for DA®NE.

2. THE DA®NE PROGRAM MAIN FEATURES

DAO®NE is akick-code tracking program. The elements like quadrupoles, bendings,
drifts, solenoids, etc. are treated as matrices and stored, once for each tracking energy, in
a three index array containing the matrix product for all the elements between two
sextupoles. The sextupoles, or other non-linear elements (for example the octupoles) are
treated as kicks. This method ensures the symplecticity of the code, and allows to save
CPU time.

A detailed description of the input and output filesis givenin 8§ 3,4,5, relative to the
DA®NE lattice with two KLOE I.R.'s (structure D15(4).

The Fortran code is on VAXLNF::D17:[BIAGINI.TRACK]DAFNE.FOR, and so
are the object and executive files. The file COMBLOCK.FOR in the same directory
contains the COMMON blocks, and it is used for compiling and linking the main
program.

In Appendix A are the command file, the lattice file (Unit 55), the tracking file
(Unit 54), the IR matrices file (Unit 56). In Appendix B is the corresponding output
(Unit 6).

In Figs. 1a), b), ¢) isthe dynamic aperture respectively for Ap/p =-1%, 0, +1%.

In Figs. 2a), b), c) is the horizontal tune shift vs. amplitude, respectively for
Ap/p =-1%, 0, +1%.

In Figs. 3a), b), c) is the vertical tune shift vs. amplitude, respectively for
Ap/p =-1%, 0, +1%.

In Fig. 4 are the horizontal and vertical tune shiftsvs. Ap/p.

In Figs. 5a), b), ¢) is the (x, x") phase-space diagrams for three test particle with
initial coordinates Ny = 3, 6, 9 and N, = 0, for the three energy deviations.

One of the two input files, containing the lattice specifications, is the LEDA®)
program input, with minor modifications as described in § 3. In the second one is the
information about the tracking and the sextupole configuration.
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The maximum number of turns per particle is 512. The maximum number of
tracked particles is 500. When calculating a dynamic aperture (flag IDYNA set to 1), in
number of ¢, the scale must be chosen in order to have:

(NI + N + 1) « N, < 500

if the stepis 1o, or must be scaled proportionally to the step.

For each stable particle, at the last turn a Fast Fourier Transform analysis, to
calculate the tune shifts with the particle amplitude, is performed.

The program can also read on a third data file the I.R. matrices, previously
calculated, if theflag ISOL isset to 1.

It calculates the optical functions for Ap/p =0, flag IBET set to 1, and the sextupole
strengths for one or two SF and SD families, in order to correct the horizontal and
vertical chromaticities to zero.

Before tracking, it is possible (flag IDPP set to 1) to calculate the off-energy
horizontal (xc) and vertical (z¢) closed orbits and the corresponding tunes as a function of
the energy deviation Ap/p. In this case the sextupoles are treated as thin lens matrices as
the one below:

h X -h z¢
1+Dp/p 1 0 1+Dp/p 0

0 0 1 0 0
0 0O O 1 0
-h z¢ -h Xc

opp O O Topp 1

Here h is sextupole strength in m-3. The off-energy closed orbits are propagated
along the lattice starting from their calculated value at 1.P. At each sextupole these
trajectories experience the standard sextupolar kick and that value X ¢ after the kick is the
one used in the previous matrix.

In case of strong coupling, if the flag ICOUP is set to 1 the program calculates the
eigenvalues for the off-energy one turn matrices, and prints them together with the tunes.

It is of course possible to track also single particles, whose trajectories are stored on
three different graphic output files for the (x, x'), (z, Z') and (x, z) planes. In this case the
particles coordinates are read from the second input file, or they can be random extracted
following auniform (IEX=1) or agaussian (IEX=2) distribution.
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3. THE INPUT FILES

The input files are two: the lattice is read from unit 55, following the LEDA fixed
format. The specifications for the tracking and the sextupole configuration are read from
unit 54. If necessary from unit 56 the two half-1.R. matrices, previously calculated, are
read.

3a. Thelatticefile

i) thevauesforn', ok, o a the Interaction Point must be added to the line 23, when
the BX0,BZ0O,ETAWO values are read (they are usually set to zero);

i) in the list of elements, where the field IDENT is read, for each sextupole the
sequential number corresponding to its position in the ring is given (1 for the first
sextupole and so on);

iii) for the I.R. elements a 1. is written in the field BL, to exactly calculate the on-
energy tuneswhen IBET=1.

ii) and iii) don't really modify the LEDA file, but i) must be corrected when a LEDA run
has to be performed.

Let's recall here the LEDA fixed format for the lattice input. For each element | is
read (in parenthesisis the fixed format):

|(14) IDENT(14) NEL(4) A(G106) B(G10.6) RAG(G10.6) BL (G10.6)

Here NEL isthe element type, as specified in the following list:

NEL=1: DRIFT. Inthefield A thelength in misgiven. If the element belongs to the |.R.
al.iswritteninthefield BL.

NEL=2 : FOCUSING QUADRUPOLE. In the field A the length, in the field B the
absolute value of the strength in m2 are given. If the element belongsto the I.R. a 1. is
written in the field BL.

NEL=3 : DEFOCUSING QUADRUPOLE. Same as above.

NEL=4: HORIZONTAL SECTOR DIPOLE. In the field A the length, in the field RAG
the bending radius in m are given. A particle bent towards the center of the ring has a
positive radius. If the element belongsto the l.R. a 1. iswritten in the field BL. A parallel
faces magnet is represented by a edge-sector-edge (6-4-6) sequence. The edge angle, in
degrees, is half of the bending angle.

NEL=5 : WIGGLER. The wiggler matrix has not been implemented yet. For the moment
the wiggler is represented by a sequence of parallel faces dipoles with aternating bending
radius sign.

NEL=6 : DIPOLE EDGE. In the field B the angle in degrees, in the field RAG the
bending radiusin m are given.

NEL=7: FOCUSING SEXTUPOLE. Inthefield IDENT the number corresponding to its
position in the lattice, as sextupole, is given. In the field A the length set to O. In the field
B the absolute value of the strength in m™2, is given. In the file 55 for simplicity the
strengths are all set to zero, and read instead from the file 54. In the linear lattice
calculation (IBET = 1) the optical functions are kept the same as the previous element.
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NEL=8 : DEFOCUSING SEXTUPOLE. Same as above.

N.B. The sextupole strengths are given in absolute value in the lattice and tracking
files. Actually they have in the kick calculations the same sign with respect to
PATRICIA, that is the SD's are set to a positive strength and the SF's to a negative
one.

NEL=9 : UNIFORM SOLENOID WITH ONLY FOCUSING. In thefield A the length in
m is given. In the field RAG the solenoidal field in Tesla, with its sign, is given. If the
element belongs to the |.R. a 1. iswritten in the field BL. To be used in connection with
the elements 22 and 33 (" quadrusoles”).

NEL=10 : the matrix of the right side of the I.R. (with respect to |.P.) is read from
unit 56.

NEL=11: the matrix of the left side of the I.R. (with respect to I.P.) isread from unit 56.
N.B. The two matrices must be written in this order.

NEL=12: TILTED FOCUSING QUADRUPOLE. In the field A the length (for the thin
lens approximation, used for the DADNE |.R., A is zero), in the field B the absolute
value of the strength in m2 are given. In the field RAG the angle 6 in rad, with its sign, is
given. If the element belongsto thel.R. al. iswritteninthe field BL.

NEL=13 : TILTED DEFOCUSING QUADRUPOLE. Same as above. In the matrix
calculation the angleis set to m/2+6.

NEL=14 : UNIFORM SOLENOID. In the field A the length in mis given. In the field
RAG the solenoidal field in Tesla, with its sign, is given. If the element belongs to the
I.R. al.iswritteninthefield BL.

NEL=15: OCTUPOLE. Used sometimes to introduce a tune-shift function of the particle
amplitude, avoiding the sextupole induced aberrations. In the field A the length is set to
zero. In the field B the strength in m™3 | with its relative sign, is given. The octupolar
kick is:

X'= X, + B (X3 - 3%, 2,2)/6

7 =24 - B (342 Z5-2,3)/6

NEL=16 : TRANSLATION AND ROTATION OF HORIZONTAL TRAJECTORIES.
This element is used at the splitter entrance when performing tracking with a crossing
angle at the |.P., to put the particles on-axis in the regular lattice after the splitter. In the
field A the separation x in mand in thefield B the slope X' in rad at each splitter entrance,
with their relative sign, are given.

NEL=17 : DISPERSION AND ITS SLOPE. In the field A the matrix element A13inm,
in the field B the element Aoz in rad, with their relative sign, are given. When there are
in the I.R. solenoids and quadrupoles, and the particles cross at 1.P. with an angle, we
must take into account the fact that they pass off-axis in the quadrupoles: we define at the
splitter a dispersion D and a slope D' different from zero, calculated as a trajectory
derivative at two different energy deviations Ap/p. So, at that point in the machine matrix
the A13 and Aoz elements are forced. They are used to exactly compute the dispersion in
the regular lattice, so that the sextupole calculation for chromaticity correction is correct.
It is not used in the tracking procedure.
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N.B.: Pay attention to the signs. In fact the signs of A 13 and A 23 depend on the direction
of motion: entering in a splitter from IP the signs are the same as for D and D', while
going out from the splitter to IP the sign of A3 isthe opposite with respect to D. For the
DA®NE lattice D15, for example, we have:

A13<0, Ao3<0 entering in the short half
A13>0, Ao3<0 going out from the short half
A13>0, A>3>0 entering in the long half
A13<0, A>3>0 going out from the long half.

NEL=22 : THICK FOCUSING QUADRUPOLE IMMERSED IN A SOLENOIDAL
FIELD. This is used when we want to take into account only the focusing effect of the
solenoid ("quadrupole” scheme). In the field A the length, in the field B the absolute
value of the strength in m2 are given. In the field RAG the solenoidal superimposed field
in Tedaisgiven. If the element belongsto the|.R. al. iswritteninthe field BL .

NEL=33: THICK DEFOCUSING QUADRUPOLE IMMERSED IN A SOLENOIDAL
FIELD. Same as above.

N.B. All the magnetic element strengths are divided by (1+Ap/p) to take into account
the off-energy particles behaviour.
For the solenoid itis: B --> B/(1+Ap/p)2. For the bendingsis: p --> p(1+Ap/p).

3 Db. Thetrackingfile

On unit 54 the tracking instructions are read. The format is free, and each data line
is preceded by atitle line, explaining the meaning on the following data.

Thefile contains:
* A titleline:
TITLE

* N. of turns, n. of particles, sampling element (where the trgjectories are observed), and a
sequence of flags:

NTURN NPART ISAMPLE ICROM IDPP IBET
IPRIN 1SOL IDYNA ICOUP IAUTO IORB

where:

ISAMPLE=0 : observation at |.P.

ICROM=1: the chromaticity correction to zero is performed.

IDPP=1 : the off-energy closed orbits at different Ap/p, with a number of energy steps
NDP chosen by the user, are calculated by a Newton-Raphson minimization procedure.
The one turn matrix with the sextupoles treated as matrices is computed, and from its
half-trace the tunes as a function of the energy deviation are calculated. Their values and
the closed orbits values are printed as a function of the energy deviations.

IBET=1 : the lattice optical functions are calculated. If ICROM = 1 it must be
IBET = 1.
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IPRIN=1 : the calculated optical functions are printed. Of course, it is valid only in
connection with IBET=1.
ISOL=1: thel.R. right and left matrices are read sequentially from unit 56.
IDYNA=1: the dynamic aperture calculation is performed. If the variable NEN isset to 1
only the dynamic aperture at the energy specified by DPP, read in a following line, is
computed. If NEN=3, and DPP is not zero, three dynamic apertures are calculated,
respectively for Ap/p = -DPP,0,+DPP. The particle initial coordinates are calculated
uniformly filling a plane (Nx, Nz), whose limits are given in a data line below, with a step
NSTEP.
ICOUP=1 : the eigenvalues of the one turn matrix for various Ap/p are computed and
printed with the tunes vs. Ap/p.
IAUTO=1: the auto-B and auto-dispersion at the IP are calculated when computing the
optical functions.
IORB=1: the one turn orbit for the central trgectory (0, 0¢) is calculated and printed at
each block. It isuseful to check that the input data are correct when dealing with crossing
angles. To correctly use this option:
- NTURN =1,
- NPART =1,
- ICROM =1,
- NEN =1 and DPP= 0.0,
- NSFIX=total number of sextupoles (including SF and SD),
- all the sextupoles (including SF and SD) must be listed on file 54 with their strengths
Set to zero,
NX =0,NXP=0,NZ=0,NZP=0,NE=0.
ThIS option works also by putting ICROM = 0 and setting to zero the two natural
chromaticities.

* Type of extraction, seed, n. of energies, step in energy:
IEX SEED NEN NDP

where:

IEX=0 : means no extraction of random particleinitial coordinates,

IEX=1 : means random uniform extraction;

|EX=2 : means random Gaussian extraction.

SEED : isthe seed for the random extraction (5 digits, less than 60000).

NEN : isthe number of energies for which dynamic aperture must be calculated. Usually
issetto 3.

NDP : isthe number of stepsin Ap/p, usually 10 or 20. It isused if IDPP = 1.

» Beam dimensions and maximum energy deviation:
SIGAXO0 SIGAXPO SIGAPO SIGAZO SIGAZPO DPP

where:

SIGAXO : isthe off-coupling horizontal r.m.s. beam dimension at I.P. in mm.
SIGAXPO : isthe horizontal r.m.s. beam slope at |.P. in mrad.

SIGAPO: isthe natural energy spread.

SIGAZO : isthe full-coupling vertical r.m.s. beam dimension at I.P. in mm.
SIGAZPO : isthe horizontal r.m.s. beam slope at I.P. in mrad.

DPP : isthe maximum relative energy deviation Ap/p.
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» The following two lines contain the variables used in the minimization procedure of
finding the off-energy closed orbits In thefirst line are:

NEQ DELTA MXCALL EPS ESPF ESPFMN [PRINT

where:

NEQ= n. of equations (2 if only horizontal closed orbits are wanted, 4 if both horizontal
and vertical).

DELTA : isthe increment of the variables when calculating the linear tangent solution.
Usually is 10°8.

MXCALL : is the maximum number of calls to be used. If no solution is found for a
number of calls > MXCALL, then the minimization fails. Usually is 500 or 1000.

EPS : isthe precision required in the minimization. Usualy is 1024,

ESPF, ESPFMN : variables used in the convergence procedure. Usual values are -16.
and -25.

IPRINT=1 : the one turn matrices with and without sextupoles, and some information
about the convergence at each energy is printed. Usually is set to zero.

N.B. : Do not confuse IPRIN with IPRINT !!!
* In the second one isthe array:
XIN(5)

where:

XIN(1) : isthe horizontal initial value for the closed orbit in m.
XIN(2) : isthe horizontal initial value for the closed orbit slopein rad.
XIN(3) : isthe energy deviation.

XIN(4) : isthe vertical initial value for the closed orbit in m.

XIN(5) : isthe vertical initial value for the closed orbit slopein rad.

» Horizontal and vertical maximum pipe apertures (+/-) in mm, and crossng anglein rad
(preceded by two comment lines):

HPIPE VPIPE TETAC
Usually thefirst two are set to 1000. mm, 6¢c =-12.5 mrad for DA®NE.

* N. of fixed sextupoles, horizontal and vertical natural chromaticities, n. of variable
sextupole families, variable NVAR:

NSFIX CXN CZN NS NVAR

where:

NSFIX : isthe number of fixed sextupoles.

CXN : isthe natural horizontal chromaticity.

CZN : isthe natura vertical chromaticity.

NS : is number of variable sextupole families to correct the chromaticity to zero. The
program accepts 1 or 2. Obviously 2 is to be used only with completely symmetric
| attices!

NVAR=0 : means that the chromaticity correction is not performed, the sextupole
arrangement is kept fixed, then in the list of the sextupoles it must be included also the
normally variable sextupoles. It is used to compare dynamic apertures at fixed sextupole
configurations.
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* Position, among all the sextupoles, of the SF and SD to be varied:
JF JD (inthis order!)

where:

JF : isthe sequential number of the first SF sextupole (ex. 1, 2....).

JD : isthe sequential number of the first SD sextupole.

Thisline must be repeated if NS = 2, with the next SF and SD position in the lattice.

* Sextupoles arrangement in the lattice, with the same format as in input 55:
[(14) IDENT(14) NEL(I4) A(G10.6) B(G10.6) RAG(G10.6) BL(G10.6)
» Dynamic aperture limits:
NXMIN NXMAX NZMIN NZMAX NSTEP

where:

NXMIN : isthe minimum number of horizontal sigma.

NXMAX : isthe maximum number of horizontal sigma.

NZMIN : isthe minimum number of vertical sigma.

NZMAX : isthe maximum number of vertical sigma.

NSTEP : isthe step in number of sigma (holds both for horizontal and vertical scaling).
The phase-plane limited by these variables is scanned with a NSTEP, and for each the
particle initial coordinates are calculated as (see below for definitions):

Xin = NX * oy

X'in  =NXP# o'y + TETAC
Zin =NZ * 6,

Z'in =NZP~* o',

 If IDYNA = 0, the initial NPART particle coordinates are read in the following
NPART lines, as.

NX NXP NZ NZP NP

where;

NX = number of horizontal o,
NXP = number of horizontal o',
NZ = number of vertica o,
NZP = number of vertical ¢',
NP = number of op.

4. THE OUTPUT FILE

The output file on unit 6 contains the results of the tracking. That is:

- theoptica functionsif IBET=1 and IPRIN=1,

- the sextupoles configuration if ICROM=1,IBET=1,

- the minimization results for the off-energy closed orbit calculation, if IDPP=1 and
IPRINT=1;

- thetunes and the closed orbitsvs. Ap/p, if IDPP=1;

- the efficiency, defined as the number of stable particles over the total number of
tracked particles for each energy deviation;



L-7 pg. 11

- if only single particles are tracked, the initial particle coordinates and the tunes
calculated by FFT at the last turn for the stable particles are printed. For the unstable
particles a message with the last stable turn, the element where the particle was lost
and its horizontal and vertical amplitudesis printed.

5. THE GRAPHIC OUTPUT FILES

Severa graphic outputs are produced by the program.
On Unit 99 the dynamic aperture for each required energy is plotted.

On Unit 97 the fractional part of the horizontal tune as a function of the horizontal
particle amplitude is plotted.

On Unit 98 the fractional part of the vertical tune as a function of the vertica
particle amplitude is plotted.

If IDPP=1, on Unit 8 the fractional part of the horizontal and vertical tunes as a
function of the energy deviation Ap/p are plotted on the same scale.

If IDYNA=0, on Unit 11 the (x, x") phase-plane diagram for all the stable particles
is plotted, the same for (z, z') on Unit 22 and for (x, z) on Unit 33. Then, it is
recommended to track a limited (up to 6) number of single particles for one energy
(NEN=1), or if NEN>1 in the tracking input file 54 the particle initial coordinates must
be repeated NEN times.

6. CHROMATICITY CALCULATION

When solenoids are inserted in the |.R. it is not easy to calculate the natural
chromaticity, due both to the focusing and the rotation, with the optics programs. A
possibility to calculate it with the DA®NE program is to:

- st ICROM=0,

- insert in the tracking file all the lattice sextupoles, included those normally left free to
vary by the program, with their strengths set to O, (here NSFIX must be the number
of fixed sextupoles only),

- perform the tunes calculation as a function of the energy (IDPP=1) for very small
energy deviations.

The slope of the tunes around the on-energy value is the chromaticity. In general,
being this behaviour not linear, it is advisable to calculate the average value between the
positive and the negative energy deviation.
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APPENDIX A - INPUT FILES

Al. Command file

ASSIGN DAD15.DAT FORO9%S
ASSIGN QXD15.DAT FOR{97
ASSIGN QZD15.DAT FORGOS
ASSIGN XX.TOP FORO11l
ASSIGN 22.TOP FORO22
ASSIGN XZ.TCP FORQ33
ASSIGN NUD15.DAT FOR(DOS
ASSIGN TD15.DAT FOROS4
ASSIGN TD1S,0UT FCOROOE
ASSIGN D15.DAT FOROSS
R/NODEB DAFNE

W A0 AN W0 An 4 U 4T W e

A2. Tracking file

DLl5 CON KLOE & KLOE dati per AD
#TURN  #PART. dSAMP.EL. ICROM IDPP IHET IPRIN ISOL  ID¥YNA  1COUP  TAUTO

256 1 a 1 1 i 1 ¥ 1 1 0
TYPE OF EXTR. ({0O=ncne,l=LINEAR, 2=GAUSS) SEED(Sdigle«<idqi)) N.ENERGIES WNOP
0 L3333 3 20
SIGMAX {mm} SIGMAX" (myad) SICMAP SIGMAZ (mm)  SICMAZ' tmrad) DPFP (%)
2.12132 a. 3.96D-04 .15 0. JU.bl

VARIAEILI FER IL NOLISY SE DPP.NE.O. : NEQ, DELTA, MXCALL,EPS,ESFF, ESPFMN, IPRINT
] 1.0D-8 et 1.0-24 -16.00 -inpo

VETTORE XIN {m,rad} INNESCO PER CALCOLO ETA OFF-ENERGY
0.001 12.5D-5 -.01 0.001 L.ad

PIPE APERTURE [+-)} AND CROSSING ANGLE

HORIZ {mm) VERT {mm) TETAC (rad)

1000, 1000, -12.5D-3
¥ FIXED SEXT. CROM. X CROM. Z #VARIABLE FAM. (SF,SD) NVAR{IF=0 DOESN'T CALCULATE SF,SOD)
12 -9. -20.4 2 1 -
JF JD = POSITION OF 5F AND 8D (IN TH1Z ORDGER!)] BETWEEN SEXTURJLES, REFETED TWICE IF NS=2
3 2
6 7
PO3. % TYPE LENGHT Kim-2} OF FIXED SEXTUPOLES
22 1 T .0 1.
172 4 5 .0 0.0
189 B ¢ .0 0.0
279 B 7.0 1.
445 2 8 .0 30
453 10 7.0 8.3
522 11 g .0 5.9
530 12 T .0 0
551 13 7.0 L0
559 14 a .0 5.9
628 15 7.0 8.3
636 16 g .0 3.0
DYNAMIC APERTURE LIMITS : NXMIN,NXMAX,NZMIN,NIMAX,NSTEP
-15 i5 o 10 1
PARTICLE CODRDINATES (MX,NXP,NZ,NIFP,NP)
1 0 s} 0 0
2 0 a o 0
3 0 O i o}
4 0 a o a
5 a a 0 a



KLOE & KLOE {Dl5)
# OF FAMILIES

# OF ELEMENTS

A3. Lattice file

# OF CONDITIONS

L-7 pg. 13

(FREE FCORMAT}

719 8 4
4 OF PERIODS =~—-—= NM1,NM2..... NM10{ MATCHING POINTS) {11 DATA F.F.)
1 216 0 00 0 O oo 0 0 0 0 0 0 0 O
ENERGY (MeV) --——= TRANSPORT {0=NQ, 1=YE§) ——=== ACCURACY {3 DATA F.F.)
S10. 0. 1.d+17
PAR FLAG (0/1) -- SYMFLAG {0=NO, 1=YES) ——-SCREENFLAG (0/1) —- DISPERS MULTIPLIER
4] 0 0 1.
IDENTIFIERS COF VARIABLES (MUST BE = $ OF CONDITIONS) (FREE FORMAT)
103 105 108 110 319 321 323 325
QxW QzW
5.15 6.18

CORRECTED CHROMATICITIES (CRXCOR,CRZCOR)

0 0

FIT CHROMATICITIES and EMITTANCE ( CRXW,CRZW,EMW

-3.1 -4.1

RF RELATED PARAMETERS

I(mA) - COUPL - VRF(KV) - RF HARMONIC - HOR APERT (m) - VERT AP (m) - Z/n{0Ohm)
43,75 .01 254. 120 .04 .03 2
ADDITONAL CONSTANTS:
BX0 BZ0) ETAOW ETAPO ALFAXC ALFAZO o
4.5 .045 0. 0. Q. 0.
BX1 EZ1l ETALW BX2 BZ2 ETAZ2W
5.7 1,199 G. 10. 1. 0.

BX3 BZ3 ETA3W BX4 BZ4 ETA4w
~.6G -.66 1 1 1 1
BX5 B2S ETASW BX6 BZ6 ETA6wW
1 1 1 1 1 1
BX7 BZ7 ETATW ETAZi DETAZi ETABw
0 0 0 4] 0 0
BXi BZi ETAX1 AXi AZi DETAX1
4,5 .045 0. 0. 0. 0.

ALCOST {# 0) FRFW
1.22e-2 0
HAXKX
HAXXX
HEXK
CELL INPUT FORMAT {3I14-4G{10.9) (FOLLOW THE FIELD INDICATOR)
iiiijjjjiiiiLLLLLLLLLLKKKKKKKKKKRRRRRRRRRRFFFFFFFFFF
1 14 .46 .6 1.
2 14 .01 .B 1.
3 12 .0 .DG69679270 -.1042305 1.
4 14 .02 . b 1.
5 12 .0 069679270 -.1042305 1.
6 14 .02 .6 1.
7 12 .0 L 069679270 ~,1042305 1.
8 14 .02 .6 1.
9 12 .0 069679270 -.1042305 1.
i0 14 .02 .6 1.
11 12 .0 L06%679270 -.1042305 1.
12 14 .02 .b 1.
13 12 .¢ .069679270 -.1042305 1,
14 14 .02 .6 1.
15 1z .0 .069679270 —-.1042305 1.
16 14 .02 .6 1.
17 12 .0 069676270 ~.1042305 1.
18 14 .02 .6 1.
19 12 .0 .0683679270 —-.1042305 1,
20 i4 .02 .6 1.
21 12 .0 069679270 —-.1042305 1.
22 14 .01 .6 1.
23 14 .17 .6 1.
24 14 .0175 .6 1.
25 13 .0 L2117246 -.1768BRY 1
26 14 .035 .6 1.

1.D-0¢6

( MUST BE CK WHEN PAR-FLAG=1)

=~ when used)
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.035
.035
.035
.035

.375

mRwwwhroMNw
Lo

.99

0.6
.30

L21177246
.2117246
,211°7246
.2117246
L2117246
. 2117246
\ 2117246
.2117246

.2117246

.08372863
.08372863
.08372863
.08372863
.08372863
.0B372863
.08372863
. 08372863
.08372863
.08372863

.004375
.020

1.5877255
0.
2,.6259437

.55945964

1.7513375

. 1768889
.6
.1768889
.6
.1768889
.6
.1768889
.6
.1768889
.B
.1768889
.6
.1768889
.6
.1768885
.6
.1768889
.6
.6
.6
-.2537126
.6
-.2537126
.6
-.253712¢6
.6
-.2537126
.6
-.2537126
.6
-.2537126
.6
-.2537126
.6
-.253712¢
.6
-.2537126
.6
~.2537126
.6
.6
.3

-.74381854
-1.4876371
~.74381854

+9.4954552

1.4005635
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L-7 pg. 14



93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

152
153
154
155
156
157
158

b O aOmHEMAOEINBGO MO ®OH BRI s mH BRSO E ORI OERRHS TN D

Gl s O
(8]

.08026743

.040133715

.08026743

.08026743

.16053486

.08026743

.08026743

e

.1605348¢6

—

.08026743

.08026743

.08026743
.08026743

SN

.08026743

o

.08026743

e

.16053486

(SN

.08026743

.08026743

.16053486

[l ]

.08026743

e

.08026743

o

.040133715

1
1

.2700186
.217382

.217382
,217382

.217382
.2177382

.217382
.217382

.217382
. 869526

.869526
.217382

.217382
.217382

.217382
.869526

. 8695286
.217382

.217382
.217382

.217382
.869526
.869526
.217382

.217382
.217382

.217382
.869526

.869526
.217382

.217382
. 217382

.217382
.869526

.869528
.217382

.217382
.217382

.217382
.217382

.217382
.217382

.B68884
.888884
.B88884
.944442
.944442
.944442
.088884
.588884
.888884
.B88884
.888884
.888884
.944442
.944442
.944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
.944442
. 944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
.944442
,944442
.944442
.888884
.888884
.868884
.888884
.688884
.868884
.944442
.9444472
.944442
.8688884
.888884
.888884
.868884
.888884
.888884
.944442
.944442
.944442
.888884
.888884
.868884
.688884
.888884
.888884
.944442
.944442
.944442
.888884
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159
160
161

201
202
203
204
205
206
207
208

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

mhmm-ﬁmmvﬁc\mbmmbO‘\O‘\-h-o‘\chbmm&hml—‘mwl\}l—'m&-O‘\I—'WHCDI“‘NHHUH—'HNN}—‘H(A}D—‘I—'NI—'ODF-‘MP—‘G\;-D-G\I—‘NI—‘ODP—‘O‘\.&

.08026743
1,217382
L2253
.0
.375
.30 1.0258862
.6
20.25
.99
20.25
.15
.30 2,0618852
.2
0. 0.
.2
.3 3.0554795
1.11
1.11
-3 2.9834573
.2
.41419696
.15 6.3780512
.15 6.3780512
.41419696
.2
.3 2.98834573
1.11
1.11
.3 3.0554785
.2
0. G.
.2
.30 Z2.0618852
.15
20.25
.99
20.25
.6
.30 1.0258862
.375
.0
.225 .
1.217382
.08026743
1.217382
1,217382
.040133715
1.,217382
1.217382
.08026743
1.217382
1,217382
.08026743
1.217382
4.869526
.16053486
4.869526
1.217382
.08026743
1.217382
1.217382
.08026743
1.217382
4,869526
.16053486 '
4,.869526

+1.888884
1.888884

1.4005635
1.4005635
1.4005635

1.4005635
1.4005635
1.4005635

1.888884
+1.888884

1.888884

0.944442
+0.944442

0.944442

1,388884
+1.888884

1.888884

1.888884
-1.888684
1.888884
0.944442
0.944442
0.944442
1.888884
1.,888884
1.888884
1.,888884
1.8B8884
1.888884
0.944442
0.944442
0.944442
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225
226
227
228
229
230
231
232
233
234
235
236
237
238

240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

279
280
281
282
283
284
285
286
287
288
289
290

14

.08026743

.08026743

.08026743
.08026743

.08026743

.08026743

.16053486

.08026743

.08026743

.16053486

.08026743

.08026743

.040133715

.08026743

1.217382

. 217382
.217382

iy

.217382
. 869526

= b

.869526
.217382

(EIS

1,217382
1.217382

.217382
.86952¢6

oy

.869526
.217382

ook

.217382
.217382

-

.217382
.869526

W

.869526
.217382

s

1,217382
1.217382

1.217382
1.217382

1.217382
1,217382

1.217382
2.2700186

1.751337S

.55945964

2.6259437
0.
1.5877255

.020
. 004375

1.888884
+1.888884
1.888884
1.,888884
-1.888884
1.888884
0.944442
-0.944442
-0.544442
0.944442
1.888884
1.6888884
1,888884
1.888884
1.888884
1.8868884
0.944442
0.944442
0.944442
1.888884
+1.888884
1.888884
1.8688884
1.888884
1.888884
0.944442
0.944442
0.944442
1.588884
1.888884
1.8688884
1.888884
+1.888884
1.888884
0.%44442
+0.944442
0.944442
1.888884
+1.888884
1.888884

1,4005635

+9.4954552

-.74381854
-1.4876371

1.
1.
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291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
KX x]
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356

1.205

.35
.0135

.027
-027
-027
-027
027
.027
027
027
027
L0135
.15
-0175
.035
-035
.035
.035
.035
.035
.035
.035
-035
-0175
17
.01
.02
.02
.02
.02
.02
.02
.02
.02

.08372863
.08372863
.08372863
08372863
.08372863
.08372863
.08372863
.08372863
.08372863
.08372863

.2117246
.211724¢6
.2117246
.2117246
.2117246
.2117246
.2117246
L2117248
.21172486

.2117246

. 069679270
.069679270
.069673270
.068679270
069679270
.069679270
069679270
. 069675270
.065679270

-.74381854

.3
.6
.6
.2537126
.6
.2537126
.6
.2537126
.6
.2537126
.6
.2537126
.6
.2537126
.6
.2537126
b
.2537126
.6
.2537126
.6
.2537126
.6
.6
.6
.1768889
.6
.1768889
.6
.1768889
.6
.1768889
6

.1768889
.6
.1768889
.6
.1768889
.6
.1768889
.6
.1768889
.6
.1768889
.b
.6
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305

it et el el il el el sl el ol el e e e e e e e e e e et o ey Sy e S I P A I S PP U
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357
358
359
360
361
362
363
364
365
366
367
368

370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
353
394
395
396
397
398
399
400
401
402
403
404

406
407
408
409
410
411
412
413
414
415
4186
417
418
419
420
421
422

.02

.01
.46

.46
01

.02
.02
.02
.02
.02
.02
.02
.02
.02
.01
.17
0175
.035
.035
.035
.035
.035
.035
035
.035
-035
L0175
.15
-0135
.027
.027
.027
-027
-027
-027

027

.069679270

.069679270
.069679270
.069679270
.069679270
.069679270
.069679270
. 069679270
.069679270
.069679270
.069679270

.2117246
.2117246
.2117246
.2117246
.2117246
\ 2117246
.2117246
.2117246
. 2117246

.2117246

. 08372863
.08372863
.08372863
.0B372863
.08372863
.08372863
.0B372863
.08372863

.6
.1042305
.6
.6

.6
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.1042305
.6
.6
.6
.1768889
.6
.1768889
.B
1768889
.6
. 1768889
.6
.1768889
.6
1768889
.6
.1768889
.6
.1768889
.6
.1768889
.6
.1768889
.6
.6
.6
.2537126
.6
.2537126
.6
.2537126
.6
.2537126
6

.2537126
.6
.2537126
.6
.2537126
.6
.2537126

e
e e s
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10

17
le
4

1
1
1
2
z
3
1
3
1
2
1
4
1
3
1
7
1
2
1
6
4
6
6
4
6
6
4
&
6
4
6
6
4
6
6
4
3
6
4
6
6
4
6
6
4
6
&
4
6
&
4

.027
.0 .08372863
. 027
.0 .08372863
L0135
.35
.3
1.205
.3
.54
.3
.455
~.035 -.020
-.05875 -.004375
1.45
.375
.25
.375
.3 .94342508
.4
.3 2.3339084
.3
.0
.3
.3 . 77827344
.80
.21
0.6
.30 2.2490473
.2
.0
.4
.3 3.1697701
.6
1.217382
.08026743
1,217382
1.217382
.040133715
1.217382
1.217382
.08026743
1.217382
1.217382
.08026743
1.217382
4.86952¢
.16053486
4.869526
1.217382
-08026743
1.217382
1.217382
.080286743
1.217382
4.869526
.16053486
4.869526
1.217382
.08026743
1.217382
1.217382
.08026743
1.217382
4.86952¢6
.08026743

.6
-.253712¢6

.6
-.2537126

.6

.6

.3

-.74381854
-1.4876371
-.74381854

-9.49854552

1.4005635

1.888884
+1.888884
1.888884
0.944442
+0.944442
0.944442
1.888884
1.888884
1.888884
1.888884
l1.888884
1.888884
0.944442
-0.944442
0.944442
1.888884
1.888884
1.888884
1.888884
1.888884
1.888884
0.944442
+0.944442
0.944442
1.888884
+1.888884
1.888884
1.888884
~-1.888884
1.888884
0.944442
~0.944442

o b 2 R e R e
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489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554

11

12

13

4.08026743

6 4.869526
6 1.217382
4.08026743

6 1.217382
6 1,217382
4.08026743

6 1.217382
6 4.869526
4,16053486

6 4,.B69526
6 1.217382
4.08026743

6 1.217382
6 1.217382
4,08026743

6 1.217382
6 4.869526
4.16053486

6 4.869526
6 1.217382
4.08026743

6 1.217382
6 1.217382
4.08026743

6 1.217382
6 1.217382
4.040133715

6 1.217382
6 1.217382
4.08026743

6 1.217382
1 .225

g .0

1 .375

2 .30 2.0986011
1 .6

6 24.75
41.21

6 24,75

1 1.35

7 0. 0. -
1.2

3 .30 1.3326668
1 .48

2 .3 4,1881137
1 1.34

1 .30

3 .3 3.2901483
1 .45

2.3 2.8138162
11.87759151
11.87759151

2.3 2.8138162
1 .45

3.3 3.2801483
1.3

11.34

2 .3 4.1891137
1 .48

3 .30 1.3326668
1 .2

7 0. 0

1 1.35

6 24,75
41.21

.944442
.944442
.880884
.888884
.888884
.g88884
.888884
.888884
.944442
.944442
.944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
. 944442
.944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
.944442
.944442
.888884
.888884
.888884

1.4005635
1.4005635
1.40058635

1.4005635
1.4005635
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555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
580
591
592
583
594
595
586
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
€15
616
617
618
619
620

14

BB NN EOOBRBRAENRAERREONERA O AGOEBOOERREOARLERNAERRRPAREONEARARBORPEAREOCHRNDEO

.6
.30
.375
.0
.225

.08026743

. 040133715

.08026743

08026743

.16053486

08026743

.08026743

.16053486

.08026743

.08026743

.08026743
.08026743

.08026743

.08026743

.16053486

.08026743

.08026743

.160534886

.08026743

.08026743

.040133715

24,75

2,.0986011

1.

1.
1.217382

[y

=

(RN B O Y I = W Sy W

(g

o

217382
217382

.217382
.217382

.217382
.217382

.217382
.869526

.869526
.217382

.217382
.217382

.217382
.869526

.869526
.217382

.217382
.217382

.217382
.86852¢
.869526
.217382

.217382
.217382

.217382
.B69526

. 869526
.217382

.217382
.217382

.217382
.B65526

. 869526
.217382

.217382
.217382

.217382
.217382

1.4005635

.888884
.888884
.8588B8B4
. 944442
.944442
.944442
.888884
.888884
.888884
.888884
.B88884
.888884
.944442
.944442
.944442
.088884
.868884
.888884
.888884
.888884
.888884
. 944442
.944442
.944442
.888884
.888884
.868884
.888884
.888884
.888884
.944442
.944442
.944442
.944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
.944442
.944442
.888884
. 588884
.888884
.588884
.888884
.888884
.944442
.944442
.944442
.888884
.888884
.888884
.888884
.888884
.888884
.944442
.944442
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661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

15

16

6

6

4.08026743

6

1.6

2 .3
1.4
7.0
1.2

3 .30

160.6

41.21

1 .80

2 .3

1.3

7 .0

1.3

3 .3

1 .4

2 .3

1 .375

1 .25

1 .37%5

4 1.45
17 .035
16 .03875

1 .455
14 .3
14 .54
i4 .3

1 1.20%
14 .3
14 .35
14 .0135
1z .0
14 .027
12 .90
14 .027
iz .0
14 027
12 .Q
14 .027
12 .0
14 .027
12 .0
14 .027
12 .0
14 ,027
12 .0
14 .027
12 .0
14 .027
12 .0
14 .0135
14 .15
14 0175
13 .0
14 .035
13 .0
14 .035
13 .0
14 .03s
13 .0
14 .03s
12 .0
14 .035

1.217382
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184 ] 26908 11.832 6.73L 410 -3, et 0.ang 9900 1.5a0 1.7T64
154 1 27105 g.296 §.948 37 -1,799 0.000 0.0a0 1,543 1.771
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20 4 11,247 PR T 0.912 L. 264 -G 054G 1527 0,16 .66 1.933
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298 12 44482 £.027 i.548 14.81% L RE-FaN C.GLC G Lo Z.27% L.d28
299 14 44.70% hoagy 1.540 12.814 -4 B w.opn d.00n FRL z-BzB
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107 14 44.817 5838 1,373 Lg R4l -¥.314a [T} o.ooo i.27H 2829
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137 14 45 412 2.a77 ~2.393 18,931 28.144¢ 4. 000 0,000 2.306 .83
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Fig. 1a) - Dynamic aperture for Ap/p= -1%
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Fig. 1b) - Dynamic aperture for Ap/p= 0
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Fig. 1¢) - Dynamic aperture for Ap/p= +1%
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Qx vs. Nx
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Fig. 2a) - Horizontal tune shift vs. amplitude for Ap/p= -1%
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Fig. Zb) - Horizontal tune shift vs. amplitude for Ap/p= 0
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Fig. 2c) - Horizontal tune shift vs. amplitude for Ap/p= +1%



Qz vs. Nz
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Fig. 3a) - Vertical tune shift vs. amplitude for Ap/p=-1%
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Fig. 3b) - Vertical tune shift vs. amplitude for Ap/p= 0
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Fig. 3¢) - Vertical tune shift vs. amplitude for Ap/p= +1%
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FRAC(NU) vs. DP/P
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Fig. 4 - Horizontal and vertical tune shifts vs. Ap/p
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Fig. 5a) - (x,x') phase-space for Ny= 3,6,9, N,=0 and Ap/p=-1%
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Fig. 5b) - (x,x') phase-space for Nx= 3,6,9, N,=0 and Ap/p= 0
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Fig. 3¢) - (x,x") phase-space for Ny= 3,6,9, N,=0 and Ap/p= +1%



