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Goal

• Make an on-line lattice model of the Linac

• Requirements
– Handle space charge

– Handle scraping

– Handle drift tubes and side coupled cavity 
structures

– Connect to ACNET

– Reasonable simulation time

– Straightforward interface



Decision

• Use a tracking program instead of an envelope 
program

• Use Parmila as the simulation “engine”

• Advantages
– Mature program

– Used to design Fermilab Linac so it can handle 
Fermilab Linac Structures

• Disadvantages
– Old program

– Horrible user interface



XML Interface

• Parmila input files are hard to work with
– Do not take variables so linking to online data is 

difficult

– Extremely long and cryptic commands make data 
entry error prone
• Tank 1 DTL command:

• dtl 1 10.25 -32.0 1.6 0.000592 2.31 0.0 0.0 2.275 0.0 3.454 1 
1 11 0.0 1.0 1.25 19 0 0 1 0 0 0 0 0

• Developed an XML interface makes it 
– possible to connect to online database

– Easy to understand



XML Interface

• XML is human and machine readable
– DTL commands goes from:

– To:

• Developed a Java class structure to build any Parmila
element

• So far have built a library of Parmila elements:
– Phase Space, Drift, Quad, Cavity, DriftTube, DTL Quad, DTL 

Table



XML Input

Phase Space

Drift

Quad

Cavity

Sim. Setup



XML Interface Output:
Parmila Run File



ACNET Database Interface

• The database interface is generic enough so 
that it can be extended to any database 
interface

• A specific example to the D44 logger Java 
interface was developed

• or no interface can be used
D44 interface



OnLine Linac Web Page

• Developed a set of active web pages  - java 
server pages (*.jsp) to simulate and display 
the linac lattice

• http://adaps111589:8080/OnLineLinac/

http://adaps111589:8080/OnLineLinac/


OnLine Linac Web Page Plots
(End of Buncher – 45mA)



OnLine Linac Web Page Plots
(End of Buncher – 45mA)



OnLine Linac Web Page Plots
(End of Buncher – 1mA)



OnLine Linac Summary Table



750 keV Line Emittance Probe 
Data Acquisition Application

• Model is useless unless it can be verified with real data
• There are emittance probes for both planes located immediately 

upstream of Tank 1
– 20 wires per probe with an angular resolution of 4 mrad
– Read-out and probe control are connected to ACNET 
– Currently a manual application program exits but requires a fair 

amount with user intervention and setup

• Developed a Java application program to make rapid automatic 
scans
– using the new DMQ interface (A. Petrov) 
– uses the standard Fermilab Controls Dept. Java Swing framework
– Scans take about 2 minutes per plane 

• Should be able to speed up to 1 min /scan

– Data saved in tab delimited ASCI format (for Excel users) with time 
stamps for use in analysis



750 keV Line Emittance Probe 
Data Acquisition Application



750 keV Line Emittance Probe 
Data Analysis Application

• The emittance probe data not only depends on the 
quad currents in the 750 keV line but requires 
knowledge of the input phase space from the source

• A set of applications were developed to fit the input 
phase space to the probe data
– Reads raw emittance probe data from the 750 keV Line 

Emittance Probe Data Acquisition Application and displays 
it

– Reads in XML Parmila Interface file
• Reads data logged quad currents
• displays simulation of emittance probe

– Displays input and output phase space
– Displays raw Parmila file



750 keV Line Emittance Probe 
Data Analysis Application
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750 keV Line Emittance Probe 
Data Analysis Application



• Since there are 11 variables that describe the 
input phase space and one emittance probe,

• One lattice (or set of quad currents) does not 
provide enough constraints to uniquely fit the 
input phase space

• Making multiple emittance probe measurements 
– with the same input phase space 
– but different lattices (sets of quad currents) 

• Would constrain the determination of the input 
phase space much better

Emittance Probe Fitter



Emittance Probe Fitter

• Fitting by hand would take a long time, if ever, to 
converge

• An abstract Java class was developed based on 
the “SIMPLEX” minimization algorithm that can 
be used for any optimization problem

• The SimplexOptimize Java class is extended to 
EmittanceProbeFitter class
– to fit a number emittance probe measurements

– With different lattices

– For the same input phase space 



SimplexOptimize Abstract Java Class

EmittanceProbeFitter Class

SimplexOptimize Class



• One issue the analysis 
has to deal with is 
that the Q3 triplets 
are run very hard into 
saturation

• The XML Parmila
interface handles this 
complication with a 
user-defined 
polynomial fits to the 
excitation curves

Q3 Saturation

Current (A)

Gradient (T/m)

*Data from C. Schmidt

Nominal – May 25 2011



Emittance Fit Optimization Results
(May 25 2011)
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Scraping

• Both Data and Model show evidence of scraping
• To match scraping, need to have more accurate 

knowledge of:
– aperture
– trajectories



Tank 1 Model

DTL Structure

Cell Gap Table

Quad Table



Tank 1 Simulation Results

Max 
Transmission

Fitted Phase 
Space



Future Work

• Get working model of Tank 1
– Is there something wrong with the lattice 

descriptions?
– Is there something wrong with the emittance probe?
– Is there something wrong with Tank 1?

• Tackle this with one-bump studies
– 1. Take reference position measurements (probe 

and/or bpm)
– 2. Adjust trim and take position measurements
– 3. Repeat Steps 1-2 with different quad settings
– 4. Compare to model



Future-Future Work

• Remove (minimize) Quad Steering from 750keV 
line and Tank 1.

• Determine optimum position and angle into and 
out of Tank 1

• Determine optimum phase space into Tank 1
• Develop “lattice based” operations

– Set positions with orbit steering
– Set quads for input phase space
– Adjust with small tweeks (and update new optimum 

conditions)

• Understand Tank 1 Phase Scan



Future, Future, Future Work

• Get and verify complete on-line model of Linac

• Develop “lattice based” operations for entire 
linac

– Set positions with orbit steering

– Set quads for optimum lattice

– Adjust with small tweeks (and update new optimum 
conditions)

• Revisit phase-scans verify gradient settings of the 
Linac



Summary

• Developed framework for an on-line mode of the 
Fermilab Linac using XML and Parmila

• Developed Linac Model web interface
• Developed 750 keV Line Emittance Probe 

Data Acquisition Application
• Developed 750 keV Line Emittance Probe 

Data Analysis Application
• Develop optimization framework for fitting 

source phase space
• Developed initial on-line lattice models.


