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Introduction

The Facility for Rare Isotope Beams (FRIB) uses a The FRIB Lattice-Model Service (LMS) has been designed to
superconducting linear accelerator designed to accelerate all stable  gJlow for easy organization and retrieval of beam simulation data. The
lons to energies greater than 200 MeV/u with beam power on target  primary software used for the FRIB driver accelerator design is
up to 400 kW. [1] This driver accelerator must be highly configurable  |MPACT, and therefore the LMS initially supports IMPACT simulation
In order to accommodate a broad range of ion species and charge  data. However, its flexible data model allows it to be easily extended
states. In order meet these requirements for energy and power on  to support additional types of simulation data. Accelerator simulation

target, accelerator beam simulation software will be important to data can be divided into two parts: the Lattice and the Model.
facilitate accelerator configuration and optimization. Management of

beam simulation data will be critical for efficient commissioning and
reproducible operation of the FRIB driver accelerator.

[1] Jie Wei, D. Arenius, N. Bultman, F. Casagrande, C. Compton, K. Davidson, et al.,
“Progress toward the Facility for Rare Isotope Beams,” Proc. NA-PAC’13,
Pasadena, CA, USA, Sept . 2013, paper FRYBAS.
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Name: latticeout_IMP_LS2toTarget_Up12Cryo_6times5Cell
Branch: FRIBUpgrade

2

Description: Add partcl.data file.

Created By: hez

Creation 2015-11-11 16:53:12.966000
Date:

Models

[3 latticeout_IMP_LS2toTarget_Up12Cryo_6times5Cell  Calculation
result.

Properties Files Download All
ParticleMass 931494320.0 MeV/c"2 LatticeFile testin (44.1K)
ParticleCount [10111, 10531] DataFile fort.885 (774B)
ParticleCurrent [0.0,0.0] A DataFile partcl.data (2.7M)
PositionMismatch [1.0, 1.0, 1.0] DataFile ridata293 (2.0K)
EnergyMismatch  [1.0, 1.0, 1.0] DataFile rfdata541 (2.0K)
PositionOffset [0.0, 0.0, 0.0] DataFile rfdata542 (2.0K)
EnergyOfiset [0.0, 0.0, 0.0] DataFile ridata601 (3.1K)
DistSigma [0.0022734189, 0.0022734189,

0.076704772]
DistLambda [8.8312578e-05, 8.8312578e-05,

3.4741445e-06]
DistMu [0.0, 0.0, 0.0]
OutputMode

1
IntegratorType 2

ParticleCharge [33, 34]

Elements

Order Name Type Length Position ITYPE STEPS AMP[V] PHA[deg] B[T] GRAD[T/m]
1 - DRIFT 0.28035 0.28035 0 4

2 - CAvV 0.3 0.58035 103 20 1.0 58.7531250607 - -

1285 - QUAD 04 314.586348 1 4 - - - -25.3423
1286 - DRIFT 0.24 314.826348 0 4

1287 - QUAD 0.26 315.086348 1 4 - - - 22.4793
1288 - DRIFT 1.75 316.836348 0 4

1289 - DRIFT 1e-05 316.836358 0 4

To facilitate convenient access to the simulation data
a web interface is provided to users for both
submitting new data and for retrieval of existing data.
When simulation data is submitted to the LMS the
raw data Is processed and properties are
automatically extracted. In addition, the user can
specify a name, description and other metadata to
identify and organize the data.

A detailed view of the Lattice data Includes its
name, description, properties and other metadata.
The list of original data files is shown on the right
and these files are available to the user for
download. The Lattice Elements are displayed at
the bottom of the screen in tabular format.

A detailed view of the Model data includes its
name, description and other metadata. The
original data files are available to the user for
download. Model Element data is displayed in a
plot at the bottom of the screen. Multiple
properties can be easily plotted simultaneously. In
this example, the beam position X, position Y and
energy are shown.
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Model Details
Model Type: IMPACT
Name: latticeout_IMP_LS2toTarget Up12Cryo_6timesSCell
Description: Calculation result.
Lattice: latticeout_IMP_LS2toTarget Up12Cryo_6timesSCell
Created By: hez

Creation Date: 2015-11-11 16:54:34.328000
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Download All

fort.26 (1.5M)
fort.25 (1.5M)
fort.24 (1.5M)
fort.18 (935.0K)
fort.27 (1.0M)
fort.28 (483.6K)
fort.29 (1.0M)
fort.30 (1.0M)

fort.32 (333.2K)

Position [m]
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The Lattice consists of the position and orientation of the
accelerator elements along with any information needed to fully versions 2 atiice 10f + QhiectIa("soa0cos3530T8043T 004",
define the particles trajectory through the accelerator. This includes SRR T e, A i{iizza‘ﬁi;u:"%:"“’
the element types and any type specific configuration parameters. As R
well as, the initial beam conditions including the particle species and o e
initial change state. " v 200 re9ssasasen,
e L ) "nane” : "PHA"
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The Model is the complete result of executing the beam simulation e i dianiss
software with a Lattice as input. The exact content of the Model is e PRI
specific to each type of beam simulation software. In general the T A I m At
Model includes the following beam parameters at multiple locations } A
along the accelerator: size, position, divergence and energy.
Lattice Element Model Element
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The overall architecture is adopted from a similar Lattice-Model e e e L EE
Service in use at NSCL Il. [2] The most significant change from eteitin Hobaecans 11-siniesese sz, - e
original architecture is the switch from a traditional relational R | rhanat < rsaancenter”
database to a document-oriented database. oluer”: Sodossasz,
The document-oriented database provides a flexible system for o s T,
storing information and is well suited for storage of beam simulation e e s > e taaesnsra
data. The original relational database scheme was designed to store ), T s , !
objects with related arbitrary properties. Through the use of a [

document-oriented database, more information is now being stored,
while the implementation has been greatly simplified. Furthermore, The figure above illustrates the relation between documents and
this data model can be more easily extended to support future provides an example of the information that is stored in the database.
reguirements. A Lattice contains multiple elements, typically these elements
represent accelerator devices. Similarly, a Model contains multiple
elements corresponding to results from a Lattice Element.

[2] G. Shen, et al., “NSLS Il Middlelayer Services”, Proc. of ICALEPCS’13,
San Francisco, CA, USA, Oct. 2013, paper MOPPC155.

Architecture

The Lattice-Model Service (LMS) is implemented in Python using the
Tornado web framework. The use of Python allows for the reuse of existing
libraries for reading IMPACT input and result data files. In addition, Python has
excellent support for numeric processing, text processing and web applications.
Tornado includes a high performance web server which supports modern
generator-based asynchronous programming. However, the standard Tornado
text template engine was found to be insufficient in this case and instead the
more powerful Jinja2 text template engine was used.

The MongoDB document-oriented database is used as it provides excellent
performance and integration with Tornado through the use of the Motor client. A pgthon""
Motor provides a high performance asynchronous library for interacting with
MongoDB.

Web Server

7 Tornado

Lattice and Model Comparison
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Lattice 1 Lattice 2
Lattice Type: IMPACT Lattice Type: IMPACT
Particle Type U-238 Particle Type U-238
Name: latticeout_IMP_LS2toTarget_Up12Cryo_6times5Cell Name: latticeout_IMP_LS2toTarget_Up12Cryo_6timesSCell
Branch: FRIBUpgrade Branch: FRIBUpgrade
Version: 2 Vi 3
Description: Add partcl.data file. Description: A better longitudinal RMS profile.
Created By: hez Created By: hez
Creation Date: 2015-11-11 16:53:12.966000 Creation Date: 2015-11-11 17:10:42.187000
Properties Properties
ParticleMass 931494320.0 MeV/c"2 ParticleMass 931494320.0 MeV/c"2
ParticleCount [10111, 10531] ParticleCount [10111, 10531]
ParticleCurrent [0.0,0.0] A ParticleCurrent [0.0,0.0] A
PositionMismatch  [1.0, 1.0, 1.0] PositionMismatch  [1.0, 1.0, 1.0]
EnergyMismatch [1.0, 1.0, 1.0] EnergyMismatch [1.0, 1.0, 1.0]
PositionOffset [0.0, 0.0, 0.0] PositionOffset [0.0, 0.0, 0.0]
EnergyOffset [0.0, 0.0, 0.0] EnergyOffset [0.0, 0.0, 0.0]
DistSigma [0.0022734189, 0.0022734189, 0.076704772] DistSigma [0.0022734189, 0.0022734189, 0.076704772]
DistLambda [8.8312578e-05, 8.8312578e-05, 3.4741445e-06] DistLambda [8.8312578e-05, 8.8312578e-05, 3.4741445¢-06]
DistMu [0.0, 0.0, 0.0] DistMu [0.0, 0.0, 0.0]
OutputMode 1 OutputMode 1
IntegratorType 2 IntegratorType 2
ParticleCharge [33, 34] ParticleCharge [33, 34]
Elements Elements
Name Type Length Position Properties Name Type Length Position Properties
DRIFT 0.2803 0.2803 ITYPE=0 DRIFT 0.2803 0.2803 ITYPE=0
CAV 0.7461 200.6834 ITYPE =103 CAV 0.7461 200.6834 ITYPE =103
STEPS = 50 STEPS = 50
AMP[V] = 1.0 AMP[V] = 1.0
PHA[deg] = 261.035320319 PHA[deg] = 261.88355516
DRIFT 0.075 200.7584 ITYPE=0 DRIFT 0.075 200.7584 ITYPE=0
STEPS =4 STEPS = 4
CAV 0.7461 201.5045 ITYPE = 103 CAV 0.7461 201.5045 ITYPE = 103
STEPS = 50 STEPS = 50
AMP[V] = 1.0 AMP[V] = 1.0
PHA[deg] = 229.527854934 PHA[deg] = 229.450159425
QUAD 0.26 315.0863 ITYPE =1 QUAD 0.26 315.0863 ITYPE =1
STEPS = 4 STEPS =4
GRAD[T/m] = 22.4793 GRAD[T/m] = 22.4793
DRIFT 1.75 316.8363 ITYPE=0 DRIFT 1.75 316.8363 ITYPE=0
STEPS = 4 STEPS =4
DRIFT 0.0 316.8364 ITYPE=0 DRIFT 0.0 316.8364 ITYPE=0
STEPS = 4 STEPS = 4

An important feature of the LMS is the ability to
directly compare Lattice and Model data in order to
find the specific differences.

The Lattice comparison view indicates the
differences clearly by marking them in red. The
comparison includes name, description, properties
and other metadata. Lattice Elements are shown
at the bottom the of screen. In this example the RF
Cavity phase is shown as containing differences.

The Model comparison view Indicates the
differences In the name, description, properties
and other metadata by marking differences in red.
The Model Element data is easily compared by
displaying the data on the same plot. In this
example the beam position X for both Models is
shown.
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Lattice & Model

Model 1
Model Type: IMPACT
Name: latticeout_IMP_LS2toTarget Up12Cryo_6times5Cell
Description: Calculation result.
Lattice: latticeout_IMP_LS2toTarget_Up12Cryo_6times5Cell
Created By: hez

Creation Date: 2015-11-11 16:54:34.328000
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Model 2

Model Type:

Name:
Description:
Lattice:
Created By:

Creation Date:

Properties
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IMPACT

latticeout_IMP_LS2toTarget Up12Cryo_6times5Cell
A better longitudinal RMS profile
latticeout_IMP_LS2toTarget_Up12Cryo_6timesSCell
hez

2015-11-11 17:11:42.379000
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This material is based upon work supported by the U.S. Department of Energy Office of Science under Cooperative Agreement DE-SC0000661, the State of Michigan and Michigan
State University. Michigan State University designs and establishes FRIB as a DOE Office of Science National User Facility in support of the mission of the Office of Nuclear Physics.




