A Beamline Matching Application based on Open Source Software

Jean-FrancËois Ostiguy Beam Physics Department, Fermilab

ACAT 2000, Oct 2000

0-0

The Matching Problem

Given a beamline and a set of lattice functions speciőed at one extremity, determine the strength of beamline elements necessary for the lattice functions to assume prescribed values at one or more distinct locations. A maximum of ten quantities can be prescribed:

• β_{x,y} (envelope) α_{x,y} (envelope derivative), μ_{x,y}(phase advance)

• η, η^′ (dispersion and its derivative)

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 1

Global Constraints

Matching problems are notoriously nonlinear; it is sometimes necessary to enforce global constraints based on physical considerations. A typical global constraint would be to limit the beta function amplitude (i.e. the beam size) throughout the beamline.

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 2

Applications

• FNAL Recycler Ring phase trombone (provided the motivation) • Low-beta (interaction point optics) design • other insertions • transfer between circular machines

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 3

Design Goals

• Allow user to specify all aspects of a matching problem interactively • Provide graphical feedback and allow dynamic interruption • Application structured so as to be adaptable for specialized needs • UNIX and Win32

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 4

Building Blocks

• MXYZTPLK (Automatic Differentiation Class Library by Leo Michelotti, FNAL) • Beamline (Classes for lattice related calculations, built on top of MXYZTPLK. Authored by Leo Michelotti, FNAL) • FLTK Toolkit (C++-based object-oriented GUI classes, UNIX and Win32) • Nonlinear optimizer, Davidon-Fletcher-Powell Algorithm. Currently using implementation from Minuit • Event propagation scheme: generic (C++templates), object-based and type-safe • Persistent objects • Multithreading

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 5

Persistence

A invaluable feature for an interactive application is ability to save its state. The state is completely deőned by a set objects and their relations to each other, as deőned by pointers and references and virtual functions. Saving raw objects in memory is not sufőcient to save the application state, since pointers are process speciőc. Memory references can be őxed a posteriori, but virtual function pointers are łhiddenž. The exact location in memory of a virtual function pointer is compiler dependent. We use the new ANSI C++ placement syntax for the new operator to circumvent this difőculty.

Persistent versions of both MXYZTPLK and Beamline have been implemented.

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 6

Some Bonus Features

• The fact that BLIMP is based on MXYZTPLK and Beamline automatically allows the computation of nonlinear Taylor maps of arbitrary order.

• Beamlines can be edited using all the facilities of the beamline library.

• For the application to the FNAL Recycler Ring Phase Trombone, access to the Fermilab Accelerator Control system has been implemented. One can get and set device settings through a simple TCP/IP based protocol.

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 7

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 8

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 9

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 10

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 11

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 12

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 13

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 14

Conclusions

• BLIMP is still a work in progress • Current priority is to make application fully multithreaded • Port to Qt, a commercially supported GPLed framework more mature than FLTK is being seriously considered.

• Hierarchical browsing and edition of beamlines would be desirable

ACAT 2000, Oct 2000 J.-F. Ostiguy, Beam Physics Dept, Fermilab

Page 15