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Zgoubi (“zgoubi.dat” in the following). Data lines are com- 105
mented for understanding. Many aspects (methods, opticaf™"™ "

elements, tricks...) of the “Virtual EMMA” application are % s misanssseroo

subject to detailed insight in Ref. [6]. Those various pro- seeya -

cedures as appearing in Tab. 1 data list which have beefeiores0290 multpass acceleraton

.......... extraction line follows

are addressed in the following.

Zgoubi coordinate frame nomenclature is used hergzken in arbitrary order fromXS,YS, ZS, XR, YR, ZR
namely,X, Y, Z stand for longitudinal, horizontal and ver- wjth the S (respectivelyR) suffix standing for “shift” (“ro-
tical coordinates. tation”). Tab. 1 shows instances of the use of the new-style
e CHANGREF is used for magnet [mis-]positioning. In Tab. 1cyanGrEF. Not all transformsXS, YS, ZS, XR, YR, ZR
are positions of the reference frame at the corner of thgqve been installed yet, this remains to be completed.
EMMA 42-sided polygon. The normal procedure has threg p1pgLES, compared for instance wittULTIPOL, has the
arguments X -shift, Y'-shift, rotation about théZ axis, ap-  advantage of adding overlapping fringe fields [7]. An op-

plying in that particular order ; a different order can b&jon as been introduced to provide a field model compatible
achieved by stacking severaHANGREFs. A new-style \ith (QD,QF) doublet, namely [3, 6]

CHANGREF allows a series of up to 9 arbitrary transforms,

Bz = Bzoi + Yoy [Fi(R.0) S0 bm, (R — RM;)™]

*BNL, Upton, NY m=1

1 2?;3&32@? 'CME’S.'ITS‘?X « EMMA is a new field map handling procedure specific to the
eC, liton .

§ CEA & IN2P3 LPSC INPG UJF, Grenoble EMMA doublet. It accepts polar or Cartesian mesh maps.

ISTFC/DL/IASTeC, Daresbury The existingT0SCA procedures allow (Tab. 2)

Il University of Manchester (i) a single field map, describing the FD cell with frozen



one Zgoubi input file : beginning at the start of the injection
Table 2:Manipulating field maps witEMMA. 9 P 9 9 :

VA line, making a number of turns around the EMMA ring and
a1 . Global normalization of map data finally extraction into the diagnostic line [6, 9].

igmsalcfgﬂeld e Number of nodes in Y,X,Z. Mode (ZQi;Fgofrnérzn:r?)l The REBELOTE keyword can be emulated by PngOUbi
L oncart table e ot Faviac map (see below) by using loops when adding elements to the lat-
Daxa6s.bon.cartiable Name of D quad map tice. For example the line sections injdicte, extractline,

2 gt o e, o and ringcell, could be combined like so :

2000 Field map positionning

lattice.add(injection_line)
quadrupole arrangement and fields, (the “TOSCA" key-for lap in range(50):
word also does this JOb [1])' lattice. add(ring_cell)
whereas, in additionEMMA manipulates field maps in the lattice.add(extraction_line)
following way [8] :
(ii) the FD cell is described by a single pair of field maps,
one for QD (QD/on, QF/off), one for QF (QF/on, QD/off), PYZGOUBI INTERFACE

with QD-QF.ra.ldiaI distancégp frozen, and free field am- PyZgoubi [10] is a Python [11] library that wraps around
plitude coefficientsir, ap, Zgoubi. Zgoubi is traditionally used by creating an input
(ili) the FD cell is described by an ensemble of pairs ofjje containing the beam and lattice, calling the Zgoubi pro-
field maps of (i) type, in arbitrary number, each pair withyram to run it, and producing output files. With PyZgoubi a
its dpp value attached. EMMA then interpolates in this sepython program is written that can create lattices, andktrac
to get the field map corresponding to an arbitrdfy, as  peams through them. Zgoubi is run in the background, and
specified by the user. This working mode allows flexiblghe results return into the program as arrays. This allows
use of the Zgoubi fitting procedure, with three variables [arge flexibility. For example it is possible to modify the
fields @r andap quantities in Tab. 2) andrp. lattice or beam depending on the result of a previous run,
(iv) a unique pair of maps is used with arbitraty,. Possi- or based on data stored in a file.

ble mutual inductance is in this case assumed small enoughpyzgoubi has the ability to simultaneously start multiple
that the method yields a conveniently precise estimate 9youbi processes each with a subset of the beam, and then
ar, ap anddrp values. recombine the results. On computers with multiple CPU
e FAISTORE creates a ASCII coordinate output file. Thecores this can reduce computation time significantly.

ASCII output file format has been modified. There are now The script containing the description of the beam line
header lines giving the name and unit for each column. Theas been written in PyZgoubi. It is composed of :

entire record is now stored on one line instead of five in eag the ALICE to EMMA injection line starting from
lier releases. This makes communication with other softhe entrance dipole situated after the ALICE linac and
ware such as PyZgoubi more reliable, as the read functiofigishing after the injection septum,

can be simpler, and will be robust against future changese the EMMA ring with the possibility of only considering

o FIT, FIT2matching procedures are useful in various exthe four sector option (only 23 cells),

ercises in EMMA, as for instance tuning of the septum anel the extraction or also called diagnostic line up to the final
kicker magets at injection and extraction (a beam injectearaday cup.

or extracted with arbitrary energy must be placed on, or

come from, the appropriate orbit in the ring). New-style The magnets are modelled with hard edges and consid-
FIT, FIT2 procedures accept value ranges for the variableging their magnetic length. A vacuum chamber is imple-
defined by an interval, whereas in the previous version theented using the Zgoubi key word€HAMBR” that stops
value ranges for the variables can only be defined by a pegyarticles with larger excursion than the threshold givan fo
centage of variation from the initial value which is not coneach section of the beam line. The script reads the posi-
venient if an initial value is close to zero. tions of the ring magnets and the currents of all the magnets
e REBELOTE allows multi-pass through the structure. Thefrom a text file created by the EPICS server (see below).
normal procedure has three argumemt&’ass (number The text file contains as well the characteristics of the inpu
of passes through the data list)yitch (switch on/off ver- beam (initial kinetic energy, number of particles, 6D ialiti
bose),Option (for instance, 99 for multiturn tracking in a conditions, emittance) and the number of turns requested
ring : final coordinates after one pass are taken as initial cto be performed by the beam (in full ring configuration).
ordinates for the next pass). A new-stREBELOTE has a The septum and kicker magnets (injection and extraction)
fourth argumentLmnt#, which tells the pointer to Zgoubi are implemented in such a way that their field value de-
data list where to begin the loop (rather than stepping badteases turn after turn following a tunable function. This
to the begining, as in the old style). As a consequence, tladlows the study of remanent septum stray field and kicker
multi-pass structure is that part of the data list standiexg bringing. The output of the script is a list of BPM readings
tween element numbdrmnt# andREBELOTE. A practical corresponding to the average value at each BPM location of
application is to allow the whole structure to be defined ithe transverse coordinates of all the particles launchesd (j



as areal BPM returns the position of the center of charge shows the reading of beam position monitors and a zoomed
a bunch). Similarly, the transverse coordinates at the YA@ew. The data was read through EPICS, which is created

locations can be written to an image file. by the virtual accelerator. However, the all software can
read the data from the real accelerator exactly in the same
EPICSINTERFACE way when it becomes ready. For more details on software

. L L for EMMA commissioning see Ref. [15].
Online modelling is implemented usingvértual accel-

eratorparadigm [12]. Using the EPICS Portable Channel oo
Access Server (PCAS) [13], an EPICS server has been de- e 1 o | mmgom | vie ) twsseseen)

veloped which runs an instance of Zgoubi. This "virtual = wevems s < s Sl

IOC” publishes a set of process variables (PVs) which mir-
ror those of the real machine, preceded by a prefix to dis-
tinguish them from “real” PVs. Upon receiving a change

in one of these process variables (a change in magnet cur- " é /

rent, for instance), the Zgoubi model is re-run and the beam
positions at the BPMs are updated in the relevant “vir- - b
tual PVs”. The block diagram of EpicsZgoubi is shown ™
in Fig. 1.
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