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What’s Known
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What’s New

f damping wigglers to reduce horizontal emittance and as high flux X-ray 
es => achromatic cells and weak dipoles.

um energy ring (3 GeV) with 30 DBA cells.
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 dynamics:
 energy: control of Touschek life time and mom
 cells: control of tune footprint.
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Ws in Dynamic Aperture (DA) optimizations.
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Robust Design and Control: Model Based
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Systematic Approaches
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finement problem governed by the Lorentz force: .

ingle particle dynamics is described by the relativistic Hamiltonian for a 
ed particle in an external electro-magnetic field (aka volume preserving 

. => Symplectic integrators.
esidual beam size is a dynamic equilibrium between “cooling” from radi-
 damping (described by classical radiation), and “heating” due to diffu-
from quantum fluctuations (i.e., recoil from the emitted photons). => 
fied symplectic integrator.
 to model a realistic magnetic lattice, i.e., that includes mechanical mis-
ment- and magnetic field errors, and related correction algorithms.
 be able to compute- and optimize the global properties of a realistic lat-
e.g. the optics, diffusion coeffs, driving terms, tune foot print, etc.
eory of stability (for the general nonlinear case). => Perturbation theory. 
e, “analytic” results must be validated by numerical simulations. 
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rol nonlinear effects by the: lattice symmetry, driving terms/resonances 
enerators), and tune foot print; obtained either from Taylor maps, Lie 

s, and map normal form (analytically) or frequency maps (numerically).

e: How to combine the numerical methods for modeling of a realistic lat-
 the analytical techniques for analysis of its properties?
uce a polymorphic number class for transparent floating point- and 
 (Truncated Power Series Algebra) calculations; with object-oriented 
amming (Bengtsson, LBL 1994 => a Lagrangian object, aka PTC (with E. 
t)).

e-use the beam dynamics model and related correction algorithms devel-
ing the design phase as an on-line model for the commissioning?
ment a well designed software library that can be re-used by e.g. the 

rols Group.
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iltonian is (medium sized ring)

(EQ 1)

multipole expansion

(EQ 2)

 is obtained by splitting the Hamiltonian into two integrable parts 
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(EQ 3)

d order symplectic integrator. It can be generalized to e.g. 4th order.
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Analytic Methods
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The NSLS-II “Wind Tunnel”
(aka PTC (Polymorphic Tracking Code), Tracy-3)
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irements are:
omentum Dynamic Aperture (DA): 11 mm (robust top-up injection),
omentum Dynamic Aperture: 2.5% (Touschek life time),

 footprint for the bare lattice (w/ DWs): ~0.05 (to accommodate eng. tol., 
tc.).

requirement is based on a (conservative) estimate of the tune footprint 
e beam in existing medium energy light sources, i.e., about ~0.1.

e to the high number of DBA cells (30), as compared to existing medium 
ynchrotron light sources, the control of the amplitude dependent tune 
 cell needs to be about 3 times better for a comparable nonlinear perfor-
ence also the tight engineering tolerances.

ontrol of Dynamic Aperture: Requirements
The requ
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IDs, e

The last 
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Tune Footprint (w/ DWs)
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Impact of Eng. Tol. and DWs
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el Based Control: A Client/Server Approach
(B. Dalesio, G. Shen, et al)

Lattice
Optics

Beam Resp.
Matrix (S)

Model Data

Measured
Orbit

Orbit 
Differences

State Data

Application / Family

Control System / Channels

Control System

Beam Resp. 
Matrix Diff’s

Optics
Deviations

EPICS Client/Server

Gradient Errs
& Corrections

Name 
Mapping

Mid Level Model Client/Server

Configuration
Parameters

Physics
Applications

Conversions

Need to develop

Existing

Need to port

Computed Data
Mod
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of-of-Concept: A (CORBA) Based Approach
(M. Böge, SLS, PAC01)

-use accelerator design model (Tracy-2) as on-line model
 machine translating ~10,000 lines of Pascal code to C with p2c).
Pro

Re
(by
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Simulator: A Virtual IOC (VIOC) Approach
(J. Rowland et al, DIAMOND, PAC05; G. Shen et al for NSLS-II)

EPICS

VIOC

High Level
Applications

VIOC ... VIOC

Tracy-3

Connect EPICS to a virtual accelerator simulated
with Tracy-3 by Virtual IOCs.
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ing modern methods, a self-consistent, realistic computer model has 
 implemented, i.e., where the same model is used for numerical simula-
 and analysis by analytic techniques.
 been used to guide the NSLS-II design. In particular, it has provided an 

tive framework to control the dynamic aperture, and to provide guide-
 for engineering tolerances, and magnet- and insertion device design. In 
 words, “closing-the-loop”.
lso being used by the Controls Group, as a simulator for the accelerator, 
oking it up to EPICS, for e.g. testing of high level applications & controls 
ithms. Furthermore, it also provides for a transparent implementation of 
del server with thin clients for the commissioning of the accelerator.

Conclusions
• By us
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• It has
effec
lines
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