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Abstract

A set of reference files was created to model the beam optics GftBé TT10 transfer
lines using the program packagbe8\D and BeamOpticsThe geometry of the model has
been cross checked versus tBERNofficial survey data. The structure of the files and the
notation are explained and the reference files presented.
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1 Introduction

In recent years, there has been a renewed interest in the study of the tranSf€2Urier L0
to minimise the emittance blow-up at injection into RS for two main reasons:

— to minimise the losses for the high intensity fixed target proton and lead ion beams which
have vertical emittances comparable to the physical vertical acceptanceSR$hma-

chine.

— to fulfil the brilliance requirements for tHeHC beam to achieve goal luminosity.
In both cases, the success of the physics runs relies on the overall performance of the accelerator
chain_andransfer lines. In particular, the optics of the transfer line should be computed in order
to match the circular machines. In practice, one should also be able to do fine tuning the line to
compensate the unavoidable discrepancy between the model and the reality.

For these reasons, a special effort has been put to define an optical moddl62thET10
transfer line to be used both for the theoretical studies and the parameter-tuning during the rou-
tine operation (for instance, in the conjunction wAlBS-like applications [1]). AMAD [2]
model was already available since the early 90s [3]. Since then a number of modifications on
the hardware installed have been carried out. Hence, it has been decided to update, cross-check
and possibly improve the structure of the available files thus providing the users’ community a
set ofofficial fileswhich should be used for the optical analysis of Ti@/ TT10 transfer line.

Furthermore, in recent years, new simulation programs have been proposed to the at-
tention of the accelerator physics community. Among thBeamOptic44] represents a new
generation of tools based on symbolic computation. The capability of carrying out symbolic
computations is based on tiMathematicgpackage [5]. To exploit the power of this new ap-
proach a set of input files, describing th€2/ TT10 transfer line using thBeamOpticsyntax,
have been provided in addition to tMAD model.

This note describes the structure of the files used to build up the two mddlsand
BeamOpticslt also gives some details on the reference optics used at 26 GeV/c fhHDe
beam and it provides the information needed to access the data ahgHde system.

2 MAD Notation and File Structure

The MAD program [2] requires essentially three different types of input: definition of
beam line elements, element sequence and element setting. Element definitions and sequence
are given by the hardware; these files should not be modified, except when a change in the
hardware installed occurs (as it was the case during the 1997/98 shut-down. See Ref. [6] for
more details). The magnetic setting defining the beam line optics is the only parameter that
should be varied by the user.

The set ofMAD files is therefore built up strictly modular. It consists of element definition
files, sequence files and strength files. In addition to these basic constituents, there are more
files which contain command lines for computation, matching, plotting as well as additional
information e.g. on misalignments. The modules must be called from a run file in the correct
order.

2.1 Element Definition

The definition of magnetic elements for a beam line is given in thé fileenane. el e,
wheref i | enane is in general the name of the beam line, ¢.02. el e. The element defini-
tion file contains the names of all beam line elements, the element type and geometric param-
eters such as length, angle and tilt. The angles given it tled e files are nominal angles. If
additional trims are added, they are specified in*thst r file. For this purposeirtual ele-
ments in the form of zero-length dipole kicks, are included in theseq file. They are placed
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at the entrance of the bending magnets whose deflection angle is adjusted. This is imposed
by the properties of the bending magnets as defined byMlMA® program: a change in the
bending angle modifies the reference geometry of the line. Hence all the subsequent elements
(quadrupoles, for instance), are always centered with respect to the beam trajectory and this is
not the case in reality. On the other hand, a dipole kick does not modify the reference trajectory
and it is possible to reproduce the effects due to an off-axis passage through the quadrupoles.
Besides the definition of single elements, the definition file can also introduce element types,
I.e. element families with identical physical properties. For quadrupoles, it contains the length
and the family type, an example would be

QFO165 : QUADR, L= 1.2000, TYPE=FL

For theTT2/ TT10 transfer lines, the definition filest 2. el e andt t 10. el e were
created.

2.2 Element Sequence

To create a beam line out of a given set of eleme&D provides two different com-
mands, namely thieeamn i ne andsequence syntax. For th@ T2/ TT10 reference files, the
sequence type was chosen since it is more flexible for future modification. The notation is
fil enane. seqwheref i | enane is consistent with the correspondihgel e.

For theTT2 andTT10 transfer lines, individual sequence files were created. The file-
names arét 2. seq, tt 10. seq. As theTT2 beam line is connected to other transfer lines
(FTA, TTL2, FT12) a decision has been taken to split it up into four parts call€gdA,
TT2B, TT2C, TT2Ddefined as follows

— TT2A: From the entrance of the quadrupdlEOL05 up to the exit of the bending

BTI 248.

— TT2B: From the exit of the bendinBTI 248 up to the exit of the bendinBHz327.

— TT2C:. From the exit of the bendinBHZ327 up to the entry of the bendirBHz377

— TT2D: From the entry of the bendirBHzZ377 up to theD3 dump.
Using this modular structure, its possible not only to modellth2/ TT10 line, but also, in the
near future, the other linésr2/ FTA, TT2/ TTL2 andTT2/ FT12.
In addition to the standard files defining the nominal element positions, misalignment files
tt2.ms, ttl1l0.m s are provided which may be called after the sequence file.

2.3 Element Setting
The element setting file must be called after the definition file. It contains the quadrupole
setting in terms of{; values). The notation ig i | enane. st r; once agairf i | ename cor-
responds to the name of the beam line. Since the strength file contains only the setting and not
the physical properties of the elements, it is the only file that should be varied by the user. The
following set of reference strength files is provided:
—tt2.fe 26 k. str:matchedl' T2 strength file for 26 GeV/c proton beam, fast extrac-
tion fromPS, no emittance exchange insertion.
— tt10fe_26 k. str: matchedlT10 strength file for 26 GeV/c proton beam, fast ex-
traction fromPS, no emittance exchange insertion.

1) A second set of files, where the quadrupole setting is given in terms of currents, is provided. The files are called
tt2fe26..str, tt10fe 26..str.



Further files are in preparation for the 14 GeV/c proton beam including the emittance exchange
insertion in theT T10 line. Since this special insertion cannot be handledAp in a straight-
forward way by using the standard sequence file, the details of the sophisticated treatment
needed will be reported elsewhere.

2.4 Action Files

While a given beam line is created from el e, *. str and*. seq files, the com-
putation of beam optics in the transfer line requires a set of initial conditions for the optical
parameters together with an execution command. Those parameters are provided as reference
files: The initial conditions are given in input files calledi np. Two input files are provided:

— tt 2.1 np gives the nominal initial conditions of the optical parameters, D, D’ and
beam trajectory at the entry diT2 for the 26 GeV/c proton beam without emittance
exchange insertion.

— tt10. i np gives the nominal initial conditions, 3, D, D’ at the entry off T10 for the
26 GeV/c proton beam without emittance exchange insertion.

The computation of th@wissparameters is carried out by calling thei ss. cnd file, for the
case without linear coupling, o ss_c. cnd for the case where linear coupling is present.

The description of a beam line together with initial conditions for the optical parameters
andt wi ss command are the minimum set of ingredients to compute the beam optics of a given
beam line. Additional files executifndAD commands such gd ot ,sur vey, mat ch can be
called or the commands can be directly executed in the run file. Two additional files are available
tt2.sur, tt10.sur to compute the beam line geometry and a third fileot . cnd is
created to plot the fundamental optical functions.

2.5 RunFile

The run file is essentially a series MfAD cal | commands used to read-in the input
files*. el e, *. seq, *. str, followed by the initial conditions contained in the i np file
and thet w ss command. The convention used for such a fileii$ enane. mad. A general
pattern of a run file is given in Appendix A.

3 Cross Check versus Survey Data

The first step in the verification of the optical model consists in checking the geometry.
MAD allows to compute the geometry of a generic beam line by usinguihe ey command.
Furthermore, it is possible to retrieve the official data concerning the measured geometry of the
real beam line. ACERNthese data are archived in tlBeodedatabase [7].

TheTT2 andTT10 sequence files were cross checked versuGiededata. The coor-
dinates of the magnet entry, as computedW4D, are compared with the measured positions.
The difference between the two sets of data was calculated for the three,axesdz. In
Fig. 1 is shown such a difference féif2 all along the transfer line. In the horizontal plane,
the agreement is excellent, apart from the final paff 2. This discrepancy can be easily ex-
plained: an horizontal dipole was dismantled some years ago. It is still included in the database
but not in theMAD model, thus producing the discrepancy. In the vertical direction, one can
clearly see a discrepancy which builds up to 7 mm at the enidréf This is an effect of the
earth curvature. In reality the beam line is flat and so isW#& model (obviously!). However,
the survey data are not treated in such a way to subtract this effect.

2) The E. D. Teng formalism used MAD is valid for circular machines only.
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Figure 1: Difference between tiMAD survey output an@ERNsurvey data for th&T2 trans-

fer line. A discrepancy of about 7 mm builds up in the vertical direction due to earth curvature
effect. The discrepancy in the horizontal plane at the endl@f is due to an horizontal dipole
which has been dismantled in reality but is still present inGe®dedatabase.

In Fig. 2 is shown the result of a similar comparison betwhkthD and Geodefor the
TT10 line. In this case the agreement is excellent along the three directions. The different treat-
ment of the survey data with respect to the one performed foF ti2dine [8] allows to subtract
the earth curvature effect. The 1 mm difference at the end of T1i® beam line is linked with
the finite precision used for the initial conditions.

4 MAD Results

The transfer line optics was computed usingMD files given in the previous sections.
The misalignment of the magnetic elements are not taken into account in this case. Figure 3
shows the horizontal and verticatfunction along the transfer line, Fig. 4 shows the horizontal
and verticalo-function and Fig. 5 shows the horizontal and vertical phase advaricethe
TT2/ TT10 line. Finally, in Fig. 6 is shown the dispersion function, horizontal and vertical, for
the whole line. The plots are produced using the element settings for the 26 Ge@lmeam
as used in 1997.

5 BeamOpticNotation and File Structure
The modelling of thel' T2 andTT10 lines usingBeamOpticss based on an existing set
of MAD input files describing the magnetic lattice. By using #&D commandst r uct ur e
(see Ref. [2] for more details) it is possible to generate a file which contains the necessary
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Figure 2: Difference between thdAD survey output andCERN survey data for th@T10
transfer line. A discrepancy of about 1 mm builds up in the three directions due to a slight
discrepancy in the initial conditions.

information for BeamOpticsFurthermore, the structure file has a format which can be easily
interpreted byMathematicaThis file contains a two lines header record followed by a set of
element records, each of them beginning with the element keyviaiRdK for a drift, QUAD

for a quadrupoleSBEN or RBEN for a bending magne§EXT for a sextupoleQCTU for an oc-

tupole, etc.), the name of the element and its length. The remaining information depends upon
the element type. For linear magnets, the values are the deflection angle, the normalised focus-
ing strength and its first derivative, the roll angle about the longitudinal axis, the rotation angle
for the entrance and exit pole face and the curvature of the entrance and exit pole face:

synbol name L [n] ANGLE [rad] K, [m™2] Ky, [m™3] TILT [rad]
E, [rad] E, [rad] HL [m™] H2 [m™}]

For thin multipoles the record contains the keywdwI( T), its name, the length (zero), the hor-
izontal and vertical deflections, the highest order written and the multipole components (normal
and skewed).

The conversion of theM/AD structure file to BeamOptics is performed by translating
the data prepared by the commastd uct ur e into aMathematicdist using theReadLi st
command and formating the data in a table with as many rows as elements and as many columns
as parameters (discarding thin multipoles). Each record is composed at present of 10 data fields,
namely, the element name, its keywo88$(for a drift, Qfor a quadrupole anBend for a bend-
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ing magnet), the length of the curved trajectory, the deflection angle, the normalised focusing
strength and its first and second derivatives, the angles of the normal to the upstream and down-
stream faces with the reference trajectory and the roll angle about the longitudinal axis:

name synbol L [ni ANGLE [rad] K, [m™?] Ky [m™3] K3 [m™?]
E, [rad] E; [rad] TILT [rad]

The resultingMathematicdist is further transformed into a lattice structure with tBBeamOp-
ticscommandroChannel which converts the data table into a beam line whose arguments are
drift spaces and magnetic elements. This yields the optical description of the horizontal plane.
Conversion to the vertical plane was carried out using the opefatder ti cal . Once the
conversion of the lattice data froMAD to BeamOptic§ormat is carried out, the process for
computing the optical parameters can be started.

Given the initial conditiongy v, amv, Da,v, D}ﬂ, andu g v at theTT2 input, the opti-
cal parameters may be traced in both planes at the input of each element by uSegth@p-
ticscommandsSi gmaAl | ,Dvect or Al | andMUAl | . Similarly, plots of betatron, phase ad-
vance and dispersion functions are performed by meaBg &Pl ot , DPl ot andMuPI ot
commands. The optical parameters have been calculat&dayOpticat the same locations
as those obtained bMAD, using the commandad gnmaAt , Dvect or At andMuAt . All these
commands have been prepared and includeMathematica Noteboakamed t 2t t 10. nb.
Although such aVotebookhas been prepared for tid2/ TT10 beam line, it can be used to
convert a generic beam line described usingA&D syntax into aBeamOpticglescription.

6 BeamOpticResults

The transfer line optics was computed using MA&D structure file and thdathema-
tica Notebookdescribed in the previous section. Figure 7 shows the horizontal and vertical
G-function along the transfer line, Fig. 8 shows the horizontal and verti¢ahction and Fig. 9
shows the horizontal and vertical phase advantie theTT2/ TT10 line. Finally, in Fig. 10 is
shown the dispersion function, horizontal and vertical, for the whole line. The plots are similar
to those produced witiMAD.

7 Outlook

While the sequence files farT2 andTT10 should remain unchanged unless hardware
components are added or removed, the element setting is flexible. The strength files provided
so far refer to the matching done in 1997 [10] for the 26 GeV/c proton beam, fast extraction,
without emittance exchange insertion. In case the optics of the transfer lines will be re-matched,
the new settings will be provided as new strength files.

Another set of files will be provided for the 14 GeV/c Continuous Transfer (CT) beam
used for fixed target operation. The files will follow the same notation.
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A MAD Reference Files
The MAD reference files are accessible under #fies file system. At the following
address

(/ af s/ cern. ch/ group/ pz/ cps/ Tr ansLi nes)

we have built-up a tree-structure where the files concerning the various transfer line$8f the
Complex can be found. The description of the various sub-directories is given in the following:
/ Li b: it contains general purpose files, liAD files used to computéwissparameters and
to plot optical functions.
/ PSB- PS: It contains the model of the transfer lines fré#8Boost er to PS. It is empty at
the moment.
| PS- AD: It contains the model of the transfer lines frd?® to AD. It contains the=TA line
model.
| PS- SPS: It contains theMAD model described in this note of tA@2/ TT10 transfer line.
These files can be called withidAD command file or copied to a private directory for further
use. We give here an example for a run file which calls the different modules:

! MAD file for TT2/TT10 optics cal cul ations
I K Hanke & M G ovannozzi 1998, original version by G Arduini

title, 'TT2/TT10 optics - no Enmittance Exchange Section - 26 GV
option, -echo

option, -double

system 'rm-f p

system 'rm-f |’

system 'In -s /afs/cern.ch/group/pz/cps/ TransLi nes/ PS- SPS p’
system ’'In -s /afs/cern.ch/group/pz/cps/ TransLines/Lib I’

R e strength file based on K val ues

R R strength file based on | val ues
call, filename = "p/tt2fe 264 .str’

I call the sequence file for TT2
call, filename = "p/tt2.seq

! call the misalignment file for TT2

call, filenane = 'p/sps.ele’
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call, filename = 'p/sps.str’

I call the elenent definition and strength file for TT10

R e strength file based on K val ues

R strength file based on | val ues

I set initial twi ss paraneters

call, filename = "p/tt2.inp
lcall, filenane = 'p/tt10.inp’

! build up the geonetry of the beamlines and select a line

'tt2 : line = (tt2a, tt2b, tt2c) ; use, tt2

1tt2d3 : line (tt2a, tt2b, tt2c, tt2d); use, tt2d3

I use, tt10

tt2tt10: line = (tt2a, tt2b, tt2c, tt10); use, tt2ttl10

I call the action file

e e e TP survey of TT2
call, filename = "p/tt2.sur’
R R T survey of TT10
lcall, filename = 'p/tt10.sur’

R e R twiss if no linear coupling
lcall, filenane = '"I/tw ss.cnmd’

R e twiss if linear coupling
lcall, filenane = "I/tw ss_c.cmd’
R R LR TR pl ot Betas + Disp
lcall, filename = 'I/plot.cmd’

st op

B BeamOpticReference Files
The BeamOptics Notebook tt2tt10.mbaccessible under thed s file system, at the fol-
lowing address

(/ af s/ cern. ch/ group/ pz/ cps/ TransLi nes/ Li b}




By simply modifying the path and name of th¢AD st r uct ur e file specified inside the
Notebook one can generateBeamOpticslescription of a generic transfer line.
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Figure 3: Horizontal and vertical-functions for theT T2 andTT10 lines as computed bAMAD.

11



1200

1000

800

600

400

200
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MAD.
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Figure 6: Horizontal and vertical dispersion function for ThE2 andTT10 lines as computed
by MAD. The position of the beam profile monitors installed in the lines is also shown.
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Figure 7: Horizontal and verticad-functions for theTT2 and TT10 lines as computed by
BeamOptics
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