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Goal

e 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

e Tank 1 DTL command:

e dtl110.25-32.01.6 0.000592 2.310.00.02.2750.03.4541
1110.01.01.251900100000

* Developed an XML interface makes it
— possible to connect to online database
— Easy to understand



XML Interface

e XML is human and machine readable
— DTL commands goes from:

dcl 1 10.£25 -3£2.0 1.6 0.000592 Z2.31 0.0 0.0 £2.275 0.0 3.454 1 1 11 0.0 1.0 1.25 19 00 1 00000

<Element type="driftTube" ocutputFlag="false" nawe="Drift Tube 1"

ntank="1"  Ffinal="10.25" phi%="-32.0" Ec="1.6" Ctilt="0.000592" EOMax="2.31" Dz="0.0" Dphi="0.0" CO="2.275" C1="0.0"
QL="3.454" lat="1" Qstart="1"  QEnd="11" Dze="0.0" Rbl="1.0" Fb2z="1.25" HNNBER="19" Prmax="0"
NElsw="1"  Rtype="0" DNphi="0" Nstart="0" Nend="0" phiSmax="0" numCells="56" >

* Developed a Java class structure to build any Parmila
element
e So far have built a library of Parmila elements:

— Phase Space, Drift, Quad, Cavity, DriftTube, DTL Quad, DTL
Table




XML Input

standalone="no" ?x--blaoh--s:l--
g

]<?xml version="1.0" encoding="UTF-8"

-:<Parmila title="Fermilabh DTL Linac as Build"

] <Header:>
<Linac kineticEnergy="0.75"

restEnergy="938.27201323"

<PhaseSpace type="ellipse"
alphaX="2.7" hetcaX="0.

Phase Space ——>

@lpha¥t="-5" heta¥="4.1"
phiZpread="180"
seed="0.5" />

</ Header»

energySpread="0.001"

bunchFrequency="201.24" beamCurrent="L:IHTOR2"

A

logger="Linac" logInt="4"
charge="-1"
npart="10000"
7" emitE="1.2" deltcaX="0.2"
emit¥="1.0" delta¥="-0.1"

phiOffsec="0"

deltaXp="-0.5"
deltcatp="-4.3"
energyOffsec="0"

<Structure title="Transport from center of 90 bend to entrance to DTL1"

type="transport" id="1"

<Element type="drift"

|
Drift ——>

nlastc="0"
length="1.0"

deltaFPhi="0"
radialiperture="41"

harmonic="1" horeRadius="41" >

napaceChargePulses="1" outputFlag="true" name="Drift 1" />

<Element type="drift" length="91.073" radialiperture="41" n3paceChargePulses="1" outputFlag="false" name="Drift 2"/>
<Element type="comment' text="---——--————- TRIPLET 2-—————————————————— LS
<Element type="guad" length="120.0" radialiperture="38.1" gradientl="-0.0281" current="L:QTM2E" outputFlag="false" logger="1
<Element type="drift" length="1%.5" radiallperture="41" nSpaceChargePulses="1" outputFlag="false" name="Drift 02 1" />
CILuad _______;> <Element type="guad" length="240.0" radialiperture="38.1" gradientl="0.0281" current="L:QJTHM2C" ocutputFlag="false" logger="L:
<Element type="drift" length="1%.5" radiallperture="41" nSpaceChargePulses="1" outputFlag="false" name="Drift 02 2" />
<Element type="guad" length="120.0" radialiperture="38.1" gradientl="-0.0281" current="L:QTM2E" outputFlag="false" logger="1
<Element type="comment" text="'--——--——-—— TRIPLET 2 End-——————-——-—--—————— L
<Element type="drift" length="304.9125" radisliperture="41" nipaceChargePulses="1" outputFlag="false" name="Drift to Bunchu
<Element type="comment" text="--———-——--——- BUHCHER-——————————————————— LS
<Element type="drift" length="107.95" radisliperture="15" nipaceChargePulses="1" outputFlag="false" nawe="Drift Buncher 1"
(:avity ______e><Element type="carity" radialbiperture="15" deltaEnergyMax="0.033" gradientMultiplier="L:GRBHI" logger="Linac" logInt="4" ks
<Element type="drift" length="107.95" radisliperture="15" nipaceChargePulses="1" outputFlag="false" nsme="Drift Buncher 2" .
<Element type="comment" text="--———-——--——- BUHCHER End-—-——-——-———-——------———— L
<Element type="drift" length="25.4" radiallperture="41" nSpaceChargePulses="1" outputFlag="false" name="Drift to Trim" />
<Element type="drift" length="57.15" radialiperture="41" n3paceChargePulses="1" cutputFlag="false" name="Trim" />
<Element type="drift" length="84.14" radialliperture="41" n3paceChargePulses="1" cutputFlag="false" name="Drift to Q3" />
<Element type="comment" text="'--——--——-——o TRIPLET 3—————————————————— LIS
<Element type="guad" length="80" radialiperture="38.1" gradientl="-3.7e-2" gradienti="44.2e-5" current="L:QTM3IE" logger="Lii
<Element type="drift" length="19.5" radiallperture="38.1" nSpaceChargePulses="1" outputFlag="false" name="Drift 03 1" />
<Element type="comment" text="'--———-——-——= multiplied gradient by 2 for (Q3C because of two power supplies—————————————————— '
<Element type="guad" length="160.0" radialiperture="38.1" gradientl="7.4e-2" gradientZ="-9,84e-5" current="L:QTHM3IC" loggsr=
<Element type="drift" length="19.5" radiallperture="38.1" nSpaceChargePulses="1" outputFlag="false" name="Drift 03 2" />
<Element type="guad" length="80.0" radialiperture="38.1" gradientl="-3.7e-2" gradienti="4+4,2e-5" current="L:QTM3E" loggsr="1
<Element type="comment" text=!-—-——+--—---0o0-—— - - - : \ ;o ki i i i i i LIS
<Element type="drift" length="80" radialliperture="41" nSpaceChargePulses="1" outputFlag="true" nam=="Drift to Probe" />
. <Element type="comment" text="-———-- End of Transfer line-—————————-——- LIS
Slrn' SetLjp_______€> <Element type="scheff" deltaR=".2" deltaI="5.0" nr="20" nz="40" nbunch="1" nhetalanbds="0" remesh="3" />

</3tructures
‘< Parmilax



XML Interface Output:
Parmila Run File
fﬂitl‘?lab DTL Linaec as Build

Linse O0.75 201.24 45.03173828125 938.27201323 -1

Input & 10000 2.7 70 0.003 -5 410 0.002Z5 180 0.001 0.0 O.02 -0.0005 -0.01 -0.0043% 0 O 0.5
Structure 1 0 Z01.24 Z01.24 0

title

Transport from center of 590 hend to entrance to DTL1

Transport 0.0

Bore 4.1

Drift 0.1 4.1 1 1 ;Last Cell = 1 MNawe = Drift 1

Drift 9.108 4.1 0 1 ;Last Cell = 2 Name = Drift 2

P TRIPLET 2—————————————————

Quad 12 3.81 0 -313.947 0 ;Last Cell = 3 Name = Q2 Up - Current = 111.72Z5 Amps
Drift 1.95 4.1 0 1 ;Last Cell = 4 MNawe = Drift Q2 1

Cuad Z4 3.81 0 Z95.554 0 ;Last Cell = 5 Name = QZ Center - Current = 106.247 Amps
Drift 1.95 4.1 0 1 ;Last Cell = & Mame = Drift Q2 2

ouad 12 3.81 0 -313.947 0 ;Last Cell = 7 MName = Q2 Down — Current = 111.725 Amps
;o TRIPLET 2 End———-————--—--------——

Drift 30.451 4.1 0 1 ;Last Cell = § Name = Drift to Buncher

Pomm e ————— BUNCHER-———————————————————

Irift 10.795 1.5 0 1 ;Last Cell = 9 Name = Drift Buncher 1

cavity O 1.5 0 0.00523631640625 201.24 -90.0 ;Last Cell = 10 Name = Buncher

Drift 10.795 1.5 0 1 ;Last Cell = 11 MName = Drift Buncher 2

Pomm e ————— BUMCHER End--———-———-————————————

Drift 2.54 4.1 0 1 ;Last Cell = 12 Mame = Drift to Trim

Drift 5.715 4.1 0 1 ;Last Cell = 13 Name = Trim

Drift 5.414 4.1 0 1 ;Last Cell = 14 Name = Drift to Q3

P ——————— TRIPLET 3———————————————————

Quad § 3.81 0 -665.609 0 ;Last Cell = 15 Mame = Q3 Up - Current = 251.8953 Amps
Drift 1.95 3.81 0 1 ;Last Cell = 16 Name = Drift Q3 1

;] wultiplied gradient by 2 for 03C bhecause of two power supplies————————-—-—-—-——--—-——-—

Quad 16 3.81 0 7?78.273 0 ;Last Cell = 17 Name = Q3 Center Up - Current = 1l26.427 Amps
Drift 1.95 3.81 0 1 ;Last Cell = 18 Name = Drift Q3 2

Juad § 3.81 0 -665.6028 0O ;Last Cell = 19 Name = Q3 Down - Current = 251.953 Amps
Drift & 4.1 1 1 ;Last Cell = 20 Name = Drift to Probe

;om———— End of Transfer line----—---——————-—

scheff .2 5.0 20 40 1 0 3
DumpDbist=s 1 Z0

prtheam

hegin

end



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

<Linac kineticEnergy="0.75" bunchFfrecquency="201.24" |[beamCurrent="L:THTORE2" logger="Linac" logIntc="4!'
restEnergy="938.27201323" charge="-1" />

e or no interface can be used

D44 interface

<Linac kineticEnergy="0.75" bunchFrecquency="201.24" beamCurrent="43.0" restEnergy="938.27201323" charge="-1" />



OnLine Linac Web Page

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

* http://adaps111589:8080/0OnlineLinac/

Summary Plots
Width Plots

Phase Space Plots
Parmila Run File

Current Parmila %ML Fila

Run Lattice

Mo file chosen Summary Plots Ww
Width Plats 1gbe
Phase Space Plots Beamn Current Loss
hase space Hots
PamilaRunFile  LIoNSverse 100%
Simulation Date i
= Run Lattice Longitudinal
simulation Time T Emittance
Flot Phase Lattice
Space Beamn Size
Plot Width Centroid

Profiles

Run

Last Updated: Wed Jun 22 10:05:22 CDT 2011
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OnLine Linac Web Page Plots

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

(End of Buncher — 1mA)
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OnLine Linac Summary Table
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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

Plane

i#® Horizontal
) Vertical

Range

1 Start Pos. (mm)
-1 Stop Pos. (mm)
21 Num. Pts.

Angle {(mrad)

Status

L:PROBE3 8.62 cm
L:PROBE4 7.72 cm
L:IHTOR2@e,0A no data mA

=@~ Dma Control | 40

:_ Paosition (mm)
Wed Jun 22 11:12:17 CDT 2011: Opened p3.xls




750 keV Line Emittance Probe
Data Analysis Application

 The emittance probe data not only depends on the
guad 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

Dave's Emittance Probe Display
File Action Help

Settings l/ Probe r Input Phase Space r Output Phase Space r Parmila Input
Files I a0 ;

Horz. Probe Data: P3BOFFQ3CENTER125.xls :
Vert. Probe Data: P4BOFFQ3ICENTER125.x1s ; 30
Parmila File: parmila750KeVa.xmi §§ :
Date: 25 May-2011 13:55 | g
Twiss Params 1= 10 = I I
m o™
S — | & s Data
Param Horz. Vert. =z 0 | & . .
Al 2 0 2 | & (log intensity)
pha : -9 Z 0 ' 8
Beta (m) 0.7 41 :
Emit. (mm-mrad)|1.2 1.0 o0
Pos. (mm) 0.2 -0.1 i
Angle (mrad)  |-0.5 4.3 : -30 . .
Deﬂaéwe\; e : Horizontal Vertical

8 65 4 -2 1] 2 4 6 8

Input Phase Space Position (mm)

Fit

(log intensity)

Angle (mrad)
Angle (mrad)

-0 -8 6 -4 2 0 2 4 6 8 8 b -4 -2 0 2 4 1] 8
Position (mm) : Position (mm)

Opened PABOFFQ3CENTER125.xls




750 keV Line Emittance Probe
Data Analysis Application

| | B pave's Emittance Probe Display

[H Dave’s Emittance Probe Display:

File Action Help File Action Help
Settings Probe | Input Phase Space | Output Phase Space | Parmila Input Settings Probe | Input Phase Space | Output Phase Space | Parmila Input
Files n GL=3 X-X Y-y
Horz. Probe Data: P3IBOFFO3CENTER125 s Horz. Probe Data: P3IBOFFO3CENTER125 s 0.020
Vert. Probe Data: P4BOFFO3CENTER125.xls & Vert. Probe Data: P4BOFFO3CENTER125.xls 00075
Parmila File: parmila750KeVa.xmi Parmila File: parmila750KeVa.xmi 0.015 0.0050
Date: 25May-2011 13:55 Date: 25May-2011 13:55 0.010 00025
Twiss Params g B Twiss Params 0,000
£ E 0.005 0.0000
Param Horz. Vert. ol ol Param Horz. Vert. 5 0000 L oo
Alpha 27 50 g 2 Alpha 27 50 > -0.0050
Beta (m) 0.7 41 - Beta (m) 0.7 41 +0.005 00075
Emit. mm-mrad) 1.2 10 Emit. mm-mrad) 1.2 10 010 00100
Pos. (mm) 0.2 04 Pos. (mm) 0.2 04 00125
Angle (mrad) |05 a3 Angle (mrad) |05 a3 0 00150
DektaE (MeV) [0.0010 DektaE (MeV) [0.0010 -0.020 00175
2 0 2 2 0 2 035 0.00 035 050 L0 05 00 05 10
Position (mm) Position (mm) X (cm) ¥ (em)
1,00 075100
075 075075
- = 050 075050
3 3
E g _. 025 £ 075025
£ < = 2
a q 5 om 2 0.75000
< <. > oz = 074075
0,50 074950
0.75 074925
-1.00 0.74900
2 0 2 -0.25 0.00 0.25 0.50 -3 2 -1 o 1 2 3
Position (mm) Position (mm) X (em) Phi (rad)
pened PABOFFQICENTER125.Xls pened PABOFFQICENTER125.Xls
[H Dave’s Emittance Probe Display: [H Dave’s Emittance Probe Display:
File Action Help File Action Help
Settings Probe | Input Phase Space | Output Phase Space | Parmila Input Settings Probe | Input Phase Space | Output Phase Space | Parmila Input
Files itle [4] Files Y
Fermilab DTL Linac as Build X-X
Horz. Probe Data: P3IBOFFO3CENTER125 s inac 0.75201.24 45.03173828125 938 27201323 -1 Horz. Probe Data: P3IBOFFO3CENTER125 s 006
Vert. Probe Data: PABOFFQ3CENTER125.xds input 8 10000 2.7 70 0.003 -5 410 0.0025 180 0.001 0.0 0.02 -0.0005 -0.01 -0.0043 00 0.5 Vert. Probe Data: PABOFFQ3CENTER125. 0,015
Parmila File: parmila750KeVa.xmi Structure 10 201.24 201.24 0 Parmila File: parmila750KeVa.xmi 005
Date: 25-May-2011 132 tle Date: 25May-2011 13:55 0,010 oa
oD Transport from center of 90 bendto entrance to DTL1 oD
Transport 0.0 0,005 003
Param Horz. Vert. Bore 4.1 § Param Horz. Vert. N - 002
Drift 0.14.111 iLast Cel Name =Drift 1 X 0.000 > e
Ll 7] 5.0 Drift 9108 4.10 1 sLast Cell = 2 Name = Drift 2 Ll 7] 5.0 001
Beta (m) 0.7 41 RIPLET Beta (m) 0.7 41 -0.005
Emit. mm-mrad) 1.2 10 Quad 12 3.810-313.947 0 iLast Cell - 3 Name - Q2 Up - Current - 111.725 Amps Emit. (mm-mrad)1.2 10 bomo 000
g - 02 Y] Drift 1.954.10 1 :Last Cell - 4 Name - Drift Q2 1 g - 02 Y] - o0t
Quad 24 3.810 298.5540 Last Cell = 5 Name - 2 Center - Current - 106.247 Amps
Angle (mrad) 05 F43 ST TRahEt Last Cell = 6 Name = Drift 022 Angle (mrad) 05 a3 -0.015 002
DeltaE (MeV) |0.0010 \Quad 12 3.810 -313.947 0 ;Last Cell = 7 Name = 02 Down - Current = 111.725 Amps DeltaE (MeV) |0.0010
- RIPLET 2En - ) 1 0 1 2 075 050 025 000 0325
Drift 30.4914.101 iLast Cell - 8 Name - Drift to Buncher X (cm) ¥ (cm)
- BUNCHER.-
Drift 10.795 150 1 Last Cell = 9 Name = Drift Buncher 1
avity 0 1.5 0 0.00523681640625 201.24 -90.0 ;Last Cell 0 Name = Buncher x - Y
Drift 10.7951.50 1 ;Last Cell = 11 Name = Drift Buncher 2
- BUNCHER End-
Drift 254 4.10 1 12 Name = Drift to Trim 07550
Drift 5.7154.401 3 Name = Trim .
Drift 8.414 4101 = 14 Name = Drift to Q3
B RIPLET 0.7525
Quad 83.810 -665.509 0 15Name = Q3 Up - Current = 251,953 Amps: . <
Drift 1.953.810 1 iLast Cell - 16 Name = Drift Q3 1 [ 2 7m0
- muttiplied gradient by 2 for Q3C because of two power supplies: = =
Quad 16 3.810 778.2780 Last Cell = 17 Name - Q3 Center Up - Current - 126.427 Amps la z
Drift 1.85 3810 1 iLast Cell = 18 Name = Drift 03 2 07475
Quad £ 3.81 0 -665.609 0 iLast Cell = 19 Name = Q3 Down - Current = 251.953 Amps
- 0.7450
Drift 84111 iLast Cell - 20 Name - Driftto Probe 3
—veeEnd of Transfer fine-- - .
cheff 2502040103 -
Dumpbists 120 20 -L5 -10 05 00 05 10 15 20 4 2 1 0o 1 2 3
rtheam = X (cm) Phi (rad)

pened PABOFFQ3CENTER125.x1s pened PABOFFQ3CENTER125.x1s




Emittance Probe Fitter

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

Uy, P Ex Oy, Py €y, 0X, 0X', Oy, OY', OW
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

* Fitting by hand would take a long time, if ever, to
converge 2

* 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

File  Edit

P-ES %0 Q-

Source Refactor Mavigate Search Project

BH G-

|J] SimplexOptinize. java &3

import Jjava.io.PrintStressn;
ll."ﬂ‘T

*
w
public abstract class SimplexOptimize
{

int numTotalVariahles;
int numOptVariables;
double sSimLimit;

int optLimitType:

OptimizeVariaskhle[] varisble = null;
int[] loockupVector = null;
Print3tream chatteritream = null;

fﬁ-ﬁ-

* woginnis

*

"
public class OptimizeVarisble
i

String name:
double <walue;
double min;
double max:
double =tep;
double initWalue;
double mask;
'l." wE
* the namwe
"

public 3tring getMName() |
return name;

ll."ﬁ‘ﬂ‘
® nawe the name to 3et
w
public void setName (3tring name)
this.name = name;
¥
RS
= the wvalue
"

public double getValuei() {

Run Window Help

= B=S

{

P

@

i

package gov.fnal.controls.applications.protonSource.studies.moginnis

: =iz SimplexOptimize Class

File  Edit

o

P-ES %0 Q-

] simplexOptimize, java

public c
{
priv
Emit
Emit

ParmillaParser[]

doub.
doub.
doub.
doub.
doub.
doub.
doub.
doub.
doub.

Source  Refactar

Run Window Help
BEHG: SO -

|J] EmittanceProbeFitter java 3

Mavigate Search Project

w4 & - 5l -

@

lass EmittanceProbeFitter extends SimplexOptimize

ate static final String delim = System. getProperiy("file.separator™)

tanceProbe[] epHorz;
tanceProbe[] epVert:
parmillaParser;
de alphalil;

le hetaX;

le emiti:
de[] deltai:
le[] deltaXp:
de alpha¥;
le beta¥:

le emit¥:
le[] delta¥;

double[] delta¥p;
double energyipread;

int
int

public EmittanceProbeFitter (EwittanceProbel]

s

icount = 0;

ndataFiles;

epHorz, EmittanceProbel]
ndataFiles = epHorz. length;

this.epHorz = epHorz:

this.epVert = epWert:

this.parmillaParser = parmillaParser;

alpha¥ = parmillaParser[0].getInitialPhaseSpace () .getilphai();
betai= parmwillaParser[0] .getInitialPhaselpace () . .getBetaX();
emitI= parmillaParser[0] .getInitisalPhaselSpace () . .getEmicE ()
alpha¥ = parmillaParser[0] .getInitialPhaselpace (] .getklpha¥i):
beta¥ = parwmillaParser[0] .getInitialPhaselpace().getBeca¥ ()
emit¥ = parmillaParser[0] .getInitialPhaselpace () . .getEmic¥ ()

EmittanceProbeFitter Class

epVert, Pz

energyipread = parmillaParser[0] .getInitialPhaselpace () .getEnergySpresd ) ;

delta¥ = new double[ndataFiles];
deltaXp = new double[ndataFiles]:
delta¥ = new double[ndataFiles]:
delta¥p = new double[ndataFiles]:

for (int ii = 0; ii < ndataFiles; ++ii)
{
deltaI[ii] = parmillaParser[ii] .getInitialPhaselSpace|) . .getleltal(]
deltaZp[ii] = parmillaParser[ii] .getInitialPhaseipace (] .getleltaXpi);
delta¥[ii] = parwillaParser[ii] .getInitialPhaseSpace() . .getlelta¥ ()
delta¥p[ii] = parmillaParser([ii] .getInitialPhaseipace().getDelta¥p():
i
ks
Biverride

Witable

Smart



* One issue the analysis

Q3 Saturation

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

Gradient (T/m)

Nominal — May 25 2011\
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Emittance Fit Optimization Results

(May 25 2011)

Fle Acton Help

Changing Parmila File Date
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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

Blpave's Emittance Probe Display.
File Action Help

Probe | Input Phase Space | Output Phase Space | Parmila Input

E Probe | Input Phase Space | Output Phase Space | Parmila Input
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Vert. Probe Data: PPROBE4BUNCHEROFFBAY Vert. Probe Data: PPROBE4BUNCHEROFFBAY 0.030 0.0225
Parmila File: parmila750Keva.xml Parmila File: parmila750Keva.xml 0.0200
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0020 0.0175
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B parrila.«ml |E wholelinac it =] pamilaTank1Max082111 2wl

Tank 1 Model

37 <Element type="drift" length="19.5" radialidperture="38.1" n3paceChargePulsesz="1" ourputFlag="false" name="Drift Q3 2" /> A
34 <Element type="guad" length="80.0" radialdperture="3§.1" gradientl="-3.%e-2" gradientz="+4.2e-5" current="L:0TH3IE" logger="Limac" logInt= outputFlag="true" nawe="03 Dowm" />
39 <Element type="cC "oTex A
4n <Element type="drift" length="80" radialaperture="41" nSpaceChargePulses="1" outputFlag="true" name="Drift to Probe" />
41 <Element type="drift" length="167" radisliperture="41" nSpaceChargePulses="1" outputFlag="true" name="Drift Tank 1 Up" />
4z <Element type="comment" text= ----End of Tramsfer line------------- i
43 <Element type="scheff" deltaR=".2" deltaZ="5.0" nr="20" nz="40" nbunch="1" nbetalambda="0" remesh="3" /=
44 r </3Tructures
45 H <Structure title="FHALasBuild DTLH#1 5TmfA, by M.Popovic' type="driftTube" id="2" nlast="56" harmonic="1" deltaPhi="-32.0" boreRadius="41" >
a6 <Element type="driftTube" outputFlag="false" nane=="Drift Tube 1" DTL St ru Ct u r‘e
a7 ntank="1" Wfinal="10.25" phi%="-32.0" Eo="1.&" Ctilt="0.000592" E0Max="2.31" Dz="0.0" Dphi="0.0" CO="2.275" Cl="0.0"
48 QL="3.454" lat= Qatar 1" QEnd="11" Dze="0.0" Ehl="1.0" FbZ="1.25" HNHNER="19" Pmax="0"
a3 H NElam="1" Rtyp o DNphi="0" Hstart="0" Nend="0" phifmax="0" mumCells="5§" >
50 <SFDataline Beta="0.03996" 63762" TP="0.08721" 5="0.55225" 03649" ghl="0.21346" 18799 0.63762"
51 «<&FDataline Beta="0.04133" -63021" TP="0.08515" 0.54739" 03817 . 21480" 38824 0.65021"
52 <3FDataline Beta="0.04274" -66236" TP="0.08370" . 54256" -03978" 216171 - 98097 0.66236"
53 <&FDataline Beta="0.04118" - 67200" TP="0.081%1" 5="0.5377171" -04130" gbl="0.21758" - 36953" 0.67100"
54 <3FDataline Beta="0.04565" -68511" TP="0.08026" 5="0.53304" -04272" ghl="0.21901" -T5T61" 0.68511"
55 <5FDataline Beta="0.04715" - 69567 TP="0.07857" .52838" - 04405" L2204 14766 0.69567"
56 <3FDataline Beta="0.04868" -T0567" TP="0.076%1" 5="0.3523§1" 0452§" ghl="0.2219%" L3411 0.70567" Cel | G a p Ta b | e
a7 <SFDataline Beta="0.05024" . T1510" TF="0.07528" 51934" 04641 ghl="0.22347" L 93866 0. 71510"
58 <&FDataline Beta="0.05182" . 12395" TP="0.07370" L9149 - 04745 .22501" - 33956" 0.712395"
59 <3FDataline Beta="0.05343" -73223" TP="0.07215" 5="0.51073" -04840" ghl="D.22658" - 14254 0.73223"
&0 <&FDataline Beta="0.05506" - 13996" TP="0.07063" 50662" . 04925" 228171 -14523" 0.773996"
&l <3FDataline BEeta="0.05672" -T14713" TP="0.06920" .90266" -03001" gbl="0.22978" - 54439 0.74713"
62 <5FDataline Beta="0.05840" -15378" TP="0.06780" 49885" -05069" ghl="0.23142" . 93581" 0.75378" B
63 <3FDataline Eeta: - 05957 -15806" TP="0.066&1" .49632" -05111" gbl="0.23256" -19853" 0.715806"
EL] <hHkDataline Heta="U.12yuy" SBUTIUY TP="U.UB6UE" ATIZL SP="ULUSTe6" ghl="U.2Y35Y" S=" 4. U446Y" u. U
99 <&FDataline Beta="0.13137" - 30717 TP="0.0%614" 47T796" SP="0.03780" gbl="0.295534" Z="74.07244" 0.80717" W
100 <3FDataline 13366" -&0700" TP="0.05623" .47878" -05795" gb 0.29750" 4.08621" 0.80700"
101 <SFDataline Beta="0.1359§" -B0680" TF="0.05635" LATI6T 05811 ghl="0.29948" Z="T74.08439" 0.80660"
10z <&FDataline Beta="0.13831" - 30659 TP="0.056419" 18062 L03828" gbl="0.30147" Z=""71.06527" 0.80659"
105 <3FDataline Beta="0.14066" -80639" TP="0.05666" L48162" -05846" ghl="0.30346" Z="74.02707" 0.80639"
104 <5FDataline Beta="0.14303" -80621" TP="0.05685" 48267 -05866" ghl="0.30547" Z="73.96795" EE0="1" Tave="0,80621" dZctr="0" />
105 «<&FDataline Beta="0.14541" $0607" TP="0.037107" .48376" 03883" gbl="0.30749" Z="73.88602" EE0="1" Tave="0.80607" dictr="0" />
106 <Element type="changeDriftTubeQuad" cell="0" length="17.272" radialdperture="20" gradient="0.436" current="L:QP5101" logger="Lina?" logInt="4" outputFlag="false" name="DTL1 Q0 2nd Half" />
107 <Element type="changeDriftTubeQuad" cell="1" length="34.544" radialdperture="20" gradient="-0.436" current="L:Q0PS102" logger="Lina2" logInt="4" outputFlag="false" nane="DIL1 Q1" />
1086 <Element changeDri ftTubeQuad" length="34.544" radiallperture="20" gradien 0.436" current="L:QP5103" logger="Lina2" logInt="4" outputFlag="false" name="DTL1 Q2" />
109 <Element changeDri ftTubeQuad" length="34.544" radialdperture="20" gradien -0.436" current="L:QPS103" loguer: outputFlas false" name="DTL1 03" />
110 <Element changeDriftTubeQuad" length="34.544" radialiperture="20" gradien 0.436" curren L:QP5104" logger outputFlag: alse" name="DTL1 04" /> Qu a d Ta b | e
111 <Element changeDri ftTubeQuad" length="34.544" radiallperture="20" gradien -0.436" current="L:QP5104" logger="Lina2" logInt: outputFla: false" name="DIL1 Q3" />
11z <Element length="34.5%44" radialdperture="20" gradient="0.436" current="L:0PS105" logger="Lina2" logInt=" outputFlag=" false" name="DTL1 06" /-
113 <Element length="34.544" radialiperture="20" gradien -0.436" curren L:QPS105" logger="Lina2" logInt outputFlas falsge" nane="DIL1 Q7™ />
114 <Element length="40.9" radialdperture="20" gradient="0.436" current="L:QP5106" logger="Lina2" logInt="4" outputFlag="false" name="DTL1 Q8" /> v
£ | H
extensible Marlwup Language File length : 23826 lines : 166 Ln:l Col:1 Sel: 0 DosiWindows AMSI as UTF-8 INS
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Tank 1 Simulation Results

Beam Current
Simulation Date = Tue Jun 21 15:03:17 CDT 2011

Max
Transmission

<zxml wersion="1.0" encoding="UTF-8" standalone="no" ?>d-blah-—d--
-—+<Parmila title="Fermilabh DTL Linac as Build" >
<Header>
<linac kineticEnergy="0.75" bunchFrequency="201.24" beanCurrent="L:THTDR
restEnergy="938.27201323" charge="-1" />
<PhaseSpace type="ellipse" nparc="10000"
alphaX="-2.2" hetax="3.8" emiti="1.2" delrtax="0.0" deltaxp="0.0"
alpha¥="-4.5" hetal="1.8" emit¥="1.0" delta¥="0.0" delrta¥p="0.0"
phifpread="180" energyipread="0.001" phidffset=! energy0ffsec="0"
seed="0.5" />

=] 10 15 20 25 30 35 40 45 S50 55 60 65 70 75
Element
Beam Current
Simulation Date = Tue Jun 21 15:03:17 CDT 2011

Fitted Phase
Space

<fxml version="1.0" encoding="UTF-8" standalone="mo" > -bloh---
-»<Parmila title="Fermilab DIL Linac as Build" >
<Header>

<Linac kineticEnergy="0.75" bunchFrequency="201.24" beanCurrent="L:THTOR

restEnergy="93§.27201323" charge="-1" />

ellipse' npart="1000
betax="0.7" eni 1.2" delrax="0.0" deltadp
-5" beta¥="4.1" enit¥="1.0" delta¥="-0.0" delta¥p=
"180" energyipread="0.001" philffset="0" energylffset="0"
Fad

seed="0.5

Element

=]
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W ev)

X fem)

Phi - W

P (rad)



Future Work

* Get working model of Tank 1

— |s there something wrong with the lattice
descriptions?

— |s there something wrong with the emittance probe?
— |s there something wrong with Tank 17?

e 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
ine 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)

e 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
~ermilab 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.




