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Abstract

Thispapersummarizes three-stage design optimization for
the Spallation Neutron Source (SNS) ring: linear madhe
design (Iatti% aperture, injection, magnet field errors and
misalignment), beam core manipulation (painting, space
charge, instabilities, RF requirements), and beam halo con-
sideration (collimation, envelope variation, e-p issues etc).

1 INTRODUCTION
TheSNS ring compresses 2 x 1014protons at 1 GeV into a
1 ps puke at a repetition rate of 60 Hz providing a beam
power of 2 MW [1]. At such intensity and power, beam
loss is a critical issue. Four levels of loss control are im-
plemented to guarantee hands-on maintenance (average
1 W/m [2]), the total uncontrolled beam loss in the ring
needs to be limited well below 10-3; the collimators are
designed to collect beam halo at a level of 10-3; hardware
and shielding are designed to withstand 10-2 for engineer-
ing reliatiliw, and the machine ean withstand a couple of
full beam pulses for emergency handling and commission-
ing.

Pre6ently,eoncem of beam 10SSis incorporated in the de-
sign of the ring arid transfer lines (HEBT, RTBT) at three
stagex linear machine design (lattice, aperture, injeetion
and extraetio~ magnet field errors and misrdignmen~ ete.),
beam core manipulation (space charge, painting, in3tabil-
itie% RF requirements, etc.), and beam halo consideration
(eollimati~ beam envelope variation, e-p issues, etc.).

2 LINEAR MACHINE OPTIMIZATION
2.1 Lum”ceand Acceptance Optimization
The SNS ring lattice is few-fold symmetric with FODO
structures in the arc which are flexible for tuning. By low-
ering the vertical tune [3], the transverse tunes ean be sep-
arated by 1 unit to minimize the transverse coupling. Re-
ducing the phase advance in the arcs also makes foeusing
smoother and consequently, reduce3 beam envelope varia-
tion (by a factor of 2 in pm==/&i.). Recent space charge
simulation using SIMPSONS [4] indicates that emittance
growth and tail development is noticeably redueed,

In order to minimize off-momentum optics mismatch
and to improve dynamic acceptance (DA), we proposed a
correction scheme using 4 families of arc sextuples. By
reducing the off-momentum beta wave from +1270 to less
than +3!10,the off-momentum DA is increased by as much
as 3070 (Fig. 1). The momentum aperture is also increased
by about 30% (Tab. 1).
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Figure 1: Improvement in the DA due to off-momentum
optics optimization using arc sextuples. The 6 dlmen-
siomd tracking is done with ~ incorporating ex-
pected magnetic errors, misal@nments, and physical aper-
ture of the machine with 10 random - St 5 WULWel’se
initiat directions.

Table 1: Momentum aperture and sextupole improvement.

Item Vaiue
Beam momentum spread (99%) * 0.007
RFasxeptanee at4(ikV * 0.010
Ring acceptance at nominal emittance * 0.015
Rintzacceptance with 3extuoole correction * 0.020

In order to decouple injeetion ramping from lattice ttm-
ing, and to accommodate possible future laser-undulator
charge exchange injection schemes [5], we designed an
alternativehybrid lattice [3] with FODO wcs but doublet
straight sections. The long uninterrupted straight section
em possibly accommodate the entire injection assembly.
Since locations of peak /3.,y are ordyat places of large aper-
ture quadrupol~ the horizontal DA is increased by about
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Figure 2: Improvement in the DA with the hybrid lattice.



be used by accelerator applications on distributed controls
consoles.

CMES load accelerator lattice definitions using another
idiomatic language, though there is much more common-
alhy here as many accelerator codes use the the MAD in-
put language, Standard Machine Format (SMF). However,
SMF is cumbersome or deficient in some areas required
to model a fully hierarchical design model of an acceler-
ator, modified by ‘as-built’ constraints. Recent collabor-
ative efforts between several labs have made progress to-
wards developing SXF, a Standard Exchange Format, to su-
persede SMF for collaborative LHC design work [5]. The
RHKYAGSmodeling environment provides an abstract in-
terface to lattice and strength table read/write, allowing
adaptors to be easily written that integrate local lattice
databases and definitions with various CMES in the online
model.

Functional requirements for CMES are derived from ap-
plication and commissioning priorities, as well as com-
monality of existing CME functionalities. Experience has
shown that the most common requests to an online CME
during commissioning are those shown in Table 1. In par-
ticular, one must be able to change magnet strengths and
offsets, and calculate full 6D linear optics parameters for
use in control application analysis and correction. Many
CMES are capable of these calculations with very similar
interfaces, though they vary wildly in their implementa-
tions and compromises between speed and completeness.

3 SERVER ARCHITECTURE

The client-server architecture for RHIC/AGS online mod-
eling is shown in Figure 1. Client applications interact
with the model via CDEV calls, as described in Section 4.
Each model server for a supported CME is compiled from
several C++classes. The CDEV modeling interface is
provided by a CDEV Model Server class that is derived
from the CDEV Generic Server[6]; derived servers may ex-
tend the interface to provide extended access to underlying
CME capabilities and data structures.

3.1 Generic model data classes

The model server uses a small set of generic model data
classes to provide the data interface between optics and
magnet settings in the CME and the model server class.
This supports the CME capabilities in Table 1, and in-
cludes arrays of lattice functions at user-specified mon-
itor elements, as well as matrices for higher-order optics.
All model data follows Teapot unit and coordinate conven-
tions, for initial implementation convenience. However,
the current strongly-typed model data class is not dynamic-
ally extensible to accommodate different CME data struc-
tures, and this data class will be reimplemented as a generic
cdevData container extension in the near future.
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Figure 1: The RHIC/AGS online model architecture. Each
running model server is a separate unix process, bindkg
the server interface to an instance of a CME.

3.2 CME Adapters

Each CME must hive an adapter class that translates gen-
eric method calls from the server to CME-specific function
calls or implementations. Writing such an adapter is the
major effort required to integrate a new CME into this en-
vironment. All CME adapters are derived from a parent
interface class; this general interface is then used by the
model server when making requests, and the model data
“classesare used to retrieve optics and lattice output.

CME translation and interface becomes complicated
when the CME only has a parsed scripting interface that
is not easily bindable (e.g. AGWMAD, or MAD with no
source libraries). In these cases the CME adapter must fork
a separate process instance of the CME and interact with
it via file descriptors, generating command text and pars-
ing output files as requests are made. Other CMES (such
as UAL/Teapot++) that have direct C++object interfaces
may be used directly in the CME via shared libraries that
are loaded at inn-time.

3.3 Luttice adapters

Lattice adapters provide translations from one lattice rep-
resentation to another within a given environment, such as
a control system or accelerator design project. They separ-
ately implement readhrite of accelerator lattices and sur-
vey (slowly-changing or static layout), and magnet strength
(dynaniic control) information. In particular, they can also
implement methods to load live accelerator magnet settings
from the control system into the model, allowing interact-
ive online comparisons between live and expected machine
ODtiCS.
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1. Names and Strengths:

. SiteWideNames

. ModelStrength: in physics units

2. Model OutpuE

. LatticeFunctions

. Orbit
● muX, mu~. tunes for circular lattices
● chromX, chrom~. chromaticities
. gammatransition

3. Response Matrices:

●

●

●

●

●

●

SteeringMatrix: for beamline steering
ClosedOrbitMatrix: for closed orbit correction
OscillationMatrix: for coherent oscillation cor-
rection
MatchingMatrix: for betatron matching
TuneMatrix: fortune correction
GammaTransitionMatrix: for Vt correction

Table 2: Model keywords for requests to the CME server

4 CDEV CLIENT INTERFACE

The client side of the CME server consists of several CDEV
‘device’ classes, and specific attributes for each class. The
attributes for a model device are summarized in Table 2.
The message interface allows access to the model by using
‘get’ and ‘set’ verbs, or notification on-change by using the
‘monitorQn’ verb, where callbacks will be triggered when
the underlying data changes. This notification allows mul-
tiple clients to stay synchronized when magnet parameters
or injection parameters are changed within the model.

For retrieving response matrices we have followed the
naming conventions used in the ‘BeamOptics’ code [7];
in Table 2 we list the requests for several types of these
matrices. Each request takes appropriate lists of magnet
names and position pickups, which are then sent as tagged
entries in cdevData interface to the model. Optionally, the
outgoing context data specifies an interest in a subset of the
default return dam, for instance, this allows a lattice func-
tion call to only return ~= and a= instead of the full set.

5 APPLICATION EXAMPLES

Currently several applications at RHIC use the interface
described here to access the UAL/Teapot++CME. They
include the RHIC orbit correction application, the RHIC
injection application[8], the Am emittance measurement
application, the RHIC Ramp E&tor[9], and several Tcl/Tk
scripts that are used for lattice function visualization, and
what-if scenarios. As an example we show in fig. 2 the
interface to the RHIC injection application, displaying a
CME-derived orbit.
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Figure 2: The RHIC injection application.
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