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SNS Accelerator Complex
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& S,
Front-End: 1 GeV Accumulator Ring:
Produce a 1-msec LINAC Compress 1 msec
long, chopped, long pulse to 700
H- beam nsec
25MeV 87 MeV 186 MeV 387 MeV 1000 MeV
lon Source ' ' ' 33 Caw. ' 48 Cav. '
SRF, B=0.61" 4/ SRF, B=0.81 =

Chopper system
makes gaps
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The SNS Partnership

Front-End Systems Accumulator Ring ORNL
(Lawrence Berkeley) (Brookhaven)

Accelerator Systems Division
was responsible for integration,
Target installation, commissioning and

\ = " (Oak Ridge) ENeJolSIE1i[o]y

2

(Los A,amo;':,:f, Sihee Al Appllcq’r.lc.)n Software
Jefferson) e Team (inifially):

1. SNS - XAL
environment and
applications (4 FTE)

Instrument

Systems

(Argonne and

Oak Ridge) 2. Los Alamos — Online
Model (2 FTE)
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Application Programming Beginning (2000-2002)

 The different technologies were reviewed: FORTRAN applications, MATLAB, SDDS (Self Describing Data
Sets, Argonne), CDev (Jefferson Lab), Java

 Java Advantages:
- simple, stable
— oObject oriented,
— itruns everywhere,
-  GUI (swing based, now have to move to FX),
— database interaction,
— client/server application,
- Javainterface to EPICS CA existed,
— appeal to young physicist/developers
« Java Disadvantages (at that time)
- Graphics (contours, error bars, real-time, 3-D, ...),

- Open source mathematical libraries less mature,
- Most AP members used MatLab
 Application programming requirements was formulated, a list of programs was constructed, manpower

needed is 43 FTE (Full Time Equivalent) for 3.5 years of commissioning, accelerator physics, controls, and
diagnostics groups are involved

« Two versions of applications: for commissioning and for operations. Commissioning versions are
streamlined applications with minimal user interface

« The Application Programminfq Team (John Galambos - leader) was created inside Accelerator Physics
Group to start development of Java infrastructure and high level physics applications

MEBT and DTL commissioning: MatLab prototypes of some of applications were written first by AccPhy
group members, and then they were rewritten in Java to insure a successful commissioning
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MEBT Opﬁcs Matlab App based on Trace3D and Parmila

_[olx|
Beam Profile

Quad strength  Cavities Twiss Parameters

270,00

40.00 Zil.

 Clear Ais

e

oo

(Courtesy of A. Aleksandrov)
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SNS Commissioning and Power on Target History

Power and Energy on Target

2002 | 2003 2004 2005 2006 History: from 01-Nov-2006 to 13-Aug-2018
| | | ! [
: N : : : ! 1,400 42,500
! || ! | ! ' 13004 40,000
: 137,500
oL Tank1 scL 1,100 A C W 325000
2 1,000/ ’ Haw: 927 {730,000 3
DTL Tanks1 -3 ng ‘.;.J.’ 900 : T £: E27500 5
o - .l ' ml - Eil.' ﬂ E
=5 8007 g l-"ln'r:?"E'""’ﬂ o
Target - g{ 2* Shy Bey F22500 m
E 700+ - 5‘ A ,:_ ?f 5{-‘_& %;-20,000 i
C. © | k& it b L X | g
SNS Beam Commissioning Schedule g °% : B e By RTyabe o {EC AL [117,500 <
2 500{ R, g eHlRF g i N 2015000 3
S L F it ikt s b hey ol Bt . 4710000 =
T 400 b 15, i i g JEE 12500 2
e Commissioning was squeezed between 3001 PR il R R R A A %ooem s 210,000 2
Installation activities. ERr | edr SR RITTTR R A 0 407,500
_ _ 200} i G _w.j-‘f:l,.w e Bl
e Try-and-learn iterations a Pproach to software 1001 . l Y L% i v ,.h“‘" L -
applications developmen o B e PG AL T o

e Much less time was available for beam 2008 2010 2012 2014 2016 2018

commissioning than originally planned.
e Pace of commissioning accelerated at the end
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Lessons after First Step

* Need to familiarize people with application features before
commissioning.

 Need GUI interfaced applications for general users.
 Have integrated help capability, common look/feel
« Testing with Virtual Accelerator before commissioning helped

Actions:

* The practice of live lessons for applications become a common
practice

 The development of the Application Framework initiated
* Proceed with the Virtual Accelerator development
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Virtual Accelerators

Virtual Accelerator

Simulation Program

CA client

g

¥

Emm——>  COMMUNICATIONS

Simulation Program:

*Trace3D
*PARMILA :

*XAL Online Model
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“Virtual accelerator” is a model imitating the real machine. In the case of
EPICS data exchange It looks like a real machine from the EPICS channel
access view, because operates with real process variable (PV) names, and
produces a reasonable response generated by the simulation model.

PCAS - Portable Channel Access Server
Simulation Program — Accelerator Model
CA client — Interface to the Simulation
Program + channel access client

» Physics Application Program — application
under development

Y VY

The main programs were modified. No system
calls or output files” analysis.

Now it is an XAL Application.
Very useful on early stages and for demonstrations.



XAL/OpenXAL Structure

¥

XAL and

ItS appsa i

- Any computer
with Java VM

SNS application software

_.

environment for: Seviee] .
. ) ; ; app. | | daemon On-line
High level physics application GUI app framework Model Lattice [#
XAL "device”

For modeling operation and
accelerator physics studies

programming layer

Application Mvel

Java Channel Access

Real Time

Data Link (RTDL)

| | «sss Accelerator

hardware level

XAL includes:

e Online Model

e Tool Box (math, optimization, plotting etc. Iil *
packages) o RiCavity g

e Application Framework oS

e Services

e Abstract CA Clients layer
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XAL/OpenXAL -Accelerator Class- Hierarchical “Device” View

Initialized from the XML file

Created from
Oracle Database

Quad | | BPM | Dipole| |RfCavity| .. Quad

xAvg()

yAvg()
valid()

« Java class structure that provides a hierarchical “device” view
of the accelerator to the application programmers

* It knows everything that is important about any lattice device

« Setup from database through XML file, EPICS connections
hidden
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Online Model

Envelop and Single Particle Dynamics, inherited from Trace-3D and
PARMILA

Simulates charged particle dynamics through specified accelerator
seguences

Supports both linear sequences and rings

Calculates Twiss parameters, transport matrices, energy and orbit
distortions

Six dimensional phase space propagation
Includes space charge forces for envelop propagation

Optics synchronization:

e design

e |ive machine

e PV Logger snapshot

e custom values (or combination of these sources)

Fast enough to use inside optimization tasks in the interactive mode
Is not suitable for FRIB - no multiple charge states

AAAAAAAAAA
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Models Used at SNS

XAL Online
Model

A part of XAL/OpenXAL programming framework.

Envelop and Single Particle Dynamics, inherited
from Trace-3D and PARMILA

PARMILA

It was used for the SNS linac design. PARMILA was
occasionally used as an online tool for matching the
beam into DTL and CCL (under MATLAB GUI script)
and for offline analysis.

IMPACT

It is a parallel computer PIC accelerator code which
includes 3D space charge calculations. At SNS it

was used for offline analysis.

Trace-3D

Envelope Model. The algorithms were migrated to
XAL online model. It was used for benchmarks.

Now we are using PYyORBIT code for offline simulations
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Lesson Learned from XAL/OpenXAL development

What we did right:

 Early staged commissioning approach

e lterative Approach for Commissioning Tools

* Using physicists (i.e. commissioners) to write applications (Need a core group of “mentor” programmers)
 Educational efforts

In XAL Development:

 Choose Java

» Initialization files created from a database

* Online Model

» Application Framework

e Scripting (Jython/Ruby)

What we did wrong:

 Most applications and some of tools are SNS specific

e Lack of documentation

« Save/Restore App uses only a database

* Did not implement service daemons to reduce EPICS traffic

« We used commercial plotting package (JClass) in the open source software (XAL)
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List of Useful Apps for Commiissioning

App Name App Name

SCORE

Orbit
Correction

Beam Loss
Viewer

General
Purpose
Scan

Knols

Energy
Mefter

Trajectory
difference

¥

Save/Compare/Restore: to snapshot the

state of the accelerator for fast recovery.

Originally: data base only. Now: data
base + XML file

Save trajectories, restore to 0 or to saved
trajectory.

To see, save, compare to snapshot,
compare to limits, ...

Scan one or two parameters and
measure an arbitrary number of
parameters. Basic operations with data

Local fransverse bump at an arbitrary
point with arbitrary of correctors

Display real time energy measurement
from TOF

Apply transverse kick and compare
model and measured change in the
trajectory.
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PVLogger

PTA

Transverse
Matching

Beam Arrival
Time Snapshot

General Beam

Model

Rescale SCL

Cavities

SCL Cavifies

Setup

The service that other apps can use to
create a log of machine parameters
for an offline model initialization

Profile data and Tools Analysis:
transverse profile measurements

Snapshot of BPM phases along the
linac (save, compare, etc)

Beam model with GUI stable from
machine

Retuning SCL linac

Scan SCL cavities to setup
synchronous phases



SCL Tuning
XAL/OpenXAL
Application
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SLACS - Superconducting Linac Automated Cavity
Setter (XAL Application, J. Galambos)

RF reference line

[a]/®] IL i +
- Vo 4V ] [ 5
[ Controller | Scaner | Analysis | Scale Cavities | — I ”
_ _ L SCL_RF:Cav03a L RF BPM 1 BPM 2
Minimum BPM Amplitude (mA) : 4 |
oo L i g = Choose two BPMs
Do st e - 5. 9 = All cavities between them are
Design avg phase d:g;-=g-3230950016866666666 = OFF
Design Amp (MVim) = 14,
Input Energy (Me\) = 223.5031452504032 L
vt D = Perform RF phase scan
Cav Phase Offset (deq) 34854395 v ,\u . . . i
Cav voage scam Gy 21 34560 | 8IS » Find minimal phase diff. (max
Model BPM diff fudge (deg) |0 O 1
| D 100 energy gain) and subtract 18°
= = Energy from TOF for two BPMs
Number of model steps/scan: 20 Q—i
Solver time limit (sec): 20 |. h;
IAIgorihm: Simplex v E:
Single Pass : _ ﬁn .
Do the Matching : _ . SCL Tune-Up Tlme:
— — R phase setpomt Dec. 2005: 101 hrs E, = 925 MeV
e e = — July 2006: 57 hrs E,, = 855 MeV
[ smivemsopsm | | gl | Oct 2006: 30 hrs E_ =905 MeV
|! out

Jan. 2007: 6 hrs E ;=905 MeV
Even 6 hours is too long! And we wanted to improve accuracy.

SPALLATION
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SCL RF Cavity Phase Setup - Errors

s L BFMs Phase Difference:

500 AR We do not need time-calibrated BPMs!

pd | h\\ T QA
500 8
N @
4 AN 1 5¢
g / AN\ Op ~ — ZPee
1 / min =
uz 400 /f 9 A /7 N A
o !/ ¥'min ¢
@ 300 r/ = A ;ﬁS 1
& / ~ -_ .
'/f{ ‘\i\ ll\b7 ~ Zﬁ&2!E3F)hﬂ ( :)3 [EEO-I-l_
200 / \\ 7/ ) ﬂ
yd ‘\_\
\“x e
100
200 100 ] 100 200
Cav Phase, [deg]

Conclusions
« Two neighbor BPMs — worst case

 More energy — less accurate the RF phase
« Smaller step — 1/square effective We want to use BPMs as far as possible!

Less steps (N) — faster the scan!
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A “Big Phase Step” Problem

« BPMs measure phase in -180° to +180° range

 To get sinusoidal curve we have to unwrap the phase scan

e Usually, we do this by using the previous phase point of the scan
 Therefore we have to use small steps to avoid more that 180° gain in one step

« If we use far away BPM pairs, it could be problem for the “big phase step”

A, -sin(Agy: ) <180°

s ®L BPM Phases Os @

2E3 Legend [ [ ] Legend
= —=— Phase SCLBPMO7| I = -100 4 —=— Phase SCLEPMO!
g D n\ﬂ N7 g ol
= PMU/ = 00
§ 109 ] —— g -a00
£ — £ oo ——
E e I % e

0E0 — ——— 900

200 100 0 100 200 200 100 Q 100 200
Cav Phase, [deg] Cav Phase, [deg]

Os @ BFM Phases

500 Legend [
— —s— Phase SCLEPMLY]| ™ n A=
g 400 BPM15
1_3_ | =4 1 1 A4
An example of CavOla scan.
o 200 . .
We cannot go further BPMO7 with the step size 20°

o
200 100 0 100 200
Cav Phase, [deg]
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Solution for the “Big Step” Problem

Most simple — iterative approach — the unwrapping is done by using not only the previous
point, but also the previous and current points from the previous BPM. The iteration starts

with the BPM closest to the cavity.

(A% — A ™) sin(Ady ) <180°

Phase step size can be 409, 60° or may be even 900,
It means 10-15 minutes scan for the whole SCL.
In reality, we limit ourselves by 30-40 mins.

EFM Phase, [deg] O
w

o]
Cav Phase, [deg]

BFM Fhases

— BPM15

2E3 Legend
—=— Phase SCLEPMLS
1EZ
0ECQ 1
-1E3
T T T

Q 100 200
Cav Phase, [deg]

-200 -1a0
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BPM Phase Offsets in HEBT1 (Strait Section)

¥

OAK RIDGE | {assanos
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RF Reference Line

Apg Ap,q A, Apy

Ekin I I I I >
H E B
BPMO BPM1 BPM2 BPM-N

Si

b-c

¢@; =360 - fgpy + Ag;

We do not know the phase offsets (BPMs are not calibrated ).
We can find them if we know the energy (beta) and BPM phases
We use the ring to measure the energy

One of the BPMs is a reference BPM

e

After we know the BPM phase offsets, we can calculate the
energy by reverting the formula



BPM Phase Offsets Calibration 2014.02.04

SCL:BPMO0a 0.0+- 0.1 SCLBPM17 _ |-47.3 +- 0.3 $(2)4
SCLEBPMOOb [ -0.0 +- 0.1 SCLBPM1S | 127.7 +- 0.3
SCL:BPMO1 173.2 +- 0.1 | |SCLBPM1S | 122.4 +- 0.4
SCL:BPMO2 171.8 +- 0.1 | |SCLBPM20 |134.2 +- 0.4
SCL:BPMO3 168.2 +- 0.1 | |SCLBPMZ1 | 1455 +- 0.0
SCL.BPMO4 103.2+- 0.1 |SCLBPM23 |56.9 +- 0.0
SCLBPMOS 138.1 +- 0.1 | |SCLBPM24 |52.7 +- 1.1
SCL:BPMOB 138.4 +- 0.1 | |SCLBPM25 [52.6 +- 0.5
SCL:BPMO7 134.9+- 0.1 | |SCLBPM26 |B6.9 +- 0.5
SCL:BPMOB 135.3+- 0.2 | |SCLBPM27 |-119.5 +- 0.8
SCL:BPMOS 45.3 +- 0.2 SCL:BPM2E >
SCLBPM10 48.7 +- 0.2 SCLLBPM29  |-144.9 +- 1.4 Z
SCLEPMI1 53.6 +- 0.2 SCLBPM30  |-146.0 +- 1.7
SCL:BPM12 447 +- 0.2 SCLBPM31 | 42.0 +- 0.7 7 1
SCL:BPM1 3 1363 +- 0.2 | |SCLBPM32 |43.2 +- 0.5 ¢(Z) — ¢ +@ - —-| —
SCL.BPM14 141.2 +- 0.3 | |HEBT:BPMOL 0
SCL:BPM15 7.9 +- 0.3 HEET:BFMOZ |-15.8 +- 0.4 C IB
SCL:BPM16 9.7 +- 0.3 HEBT:EPMO3 | 79.5 +- 0.3 _ _
HEBT:BPMO4 | 57.7 +- 0.5 Now energy is found by using

We clearly see the HEBT:BPMOS | 64,3 +- 0.1 all available BPMs that are

calibrated pairs of =~ [fFEELEEMOC d4B+- 0.2

BPM HEBT:BPMO8 | 74.6 +- 0.8 downstream of the scanned

S. HEBT:BPM10 |-104.4 +- 0.4 :
HEBT:BFM11 |72.4 +- 0.4 cavity.

Accuracy of the energy
calculation from two
BPMs

—'(7/‘:3)3'5¢BPM <j
(0]
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Model Based Phase Scan Analysis

Tin ' ‘ :
Parameters RF Function
For ARF Cavity ‘ Tout(¢RF) Measured
Fitting Model by BPMs
A fee —

[ After using the SNS ring for BPMs’ calibration we know the energy for each phase
point of each cavity

O We fit the measured kinetic energy vs. cavity phase by using the input energy, the
cavity amplitude, and the cavity phase offset.

d We use XAL Online Model

O The input energy for one cavity is not the output energy of the previous one. The
difference shows the model imperfections.

SPALLATION
NEUTRON
SOURCE
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CL Tuning Wizard

[SNS Open XAL] - SCL Wizard - /h hi/xaL_| /SCL d/2017_08_16_production_state_with_analysisTMP_SmA.sclw* ) [~ (=

File Edit Accelerator View Window Help S C L T W. d °
SCL Long. TuneUp | Acc. Seq. SetUp for Transverse Analysis | Transverse Twiss | U n er Izq r .

Phase Scan | BPM Offsets | Phase Analysis | Rescale SCL | Energy Meter | Long. Twiss | Laser Stripping |

| set Phase shift to Selected Cavs |Phase Shiftldegl=[18 Scan Wait Time[secl=[0.5 || setaFFoff | setAFFon | ResetAFF |--Max 6A, [degl-[2 ' L4 P h ase S cdan

® Wrap Phases O Keep Cav. Phases () Use Beam Trigger O Simulation

Phase Stepldegl-|5 || statscan | startfor selected Cavs. || stop scan ”scan status [ ] BPM Phase Offsets

Canity Use Done BPM, BPM, RF ¢ ldeg) | RF @ ..ldeg) | Fit A (deg) Fit 6A (deg) Agppcldeg) Cavity: Cavolb
All ot [l [l 0 lo o 10.975 0 4]| _ eemM | useinanalysis| H
Cav0la vl Il SCL:BPMOL SCL:BPMOS -147.624 -147.624 225.307 0.779 -11.207 SCL:BEPMODa vl - C a ‘ U a Io n s
Cav0lb SCL:BPMOL SCL:BPMOE 136.202 [136.202 [321.94 |0.557 [12.786 _|| scL:erpMO0b [
Cavilc Iw] v SCL:BPMOL SCL:BPMOG -162.665 |162.665 |338.524 |1.037 13.556 SCL:BPMO1 I °
Cavoza vl SCLBPMO2 SCLBPMOT -91.858 91.858 256.652 0.921 22.56 SCL:BPMO2 v ° M I B A n I
Cav0zb v Iv| SCL:BPMOZ SCLEPMOE 95.515 [-98.915 [344.415 107 |-26.289 SCL:BPM03 v - o e ase a YSIS
Cav02c el vl SCL:BPMO2 SCL:BPMOS 50.693 50.693 318.781 0.793 -25.361 SCL:BPMD4 [m]
Cav03a SCL:BPMO3 SCL:BPM10 -118.832 -118.832 503.557 1.497 -18.82 SCL:EPMO =
Cav03b [v] v SCLEFMO3 SCLEPMLO -101.092 |-101.092 |434.008 11.065 -17.857 5CL:BPMOI v — ) MOdeI Based Rescqle
Cav03c ] SCLBFMO3 SCL:BPM10 156.208 156.208 477.915 1.038 -14.87 L:BPMO ]
Cavlda ] ] SCL:BPMO4 SCL:BPM13 -146.268 -146.268 1533.044 1.334 1-15.468 SCLBPMO! ZI
Cav0ab o] [a] SCL:BPMO4 SCL:EPM13 52.414 52.414 601.687 1.498 -15.055 SCL:BPMD! I
Cavdac vl SCLBPMOA SCLBPML3 146,737 146.737 500.043 2.119 15.535 SCL:BPM10 vl ) E n e r M e e r
Cav0Sa L [~ 0 o o lo 18 SCL:EPML1 [m]
Cav0Sb I SCL:BPMOS SCL:BPM14 -9.111 9111 548,268 2.845 -13.658 SCL:BPM13 Ll
Cav05c o] v SCL:BPMOS SCL:BPM14 -66.967 |-66.967 |513.538 1152 -11.532 SCL:EPML4 Ll M M H
Cav06a ] lwe] SCLEFMOG SCLEPMLS 161.226 161.226 405.643 0.779 -16.901 SCL:EFMLS [m] [ ongl U Inq WISS
Cavi6b =2 SCL:BPMOG SCLBPM16 159.312 159.312 566.788 1.054 -16.945 SCL:BPMLE Ll .
Cavoee ] v] SCL:BPMOG SCL:BPMLG 119.393 119.393 477.821 1.335 17.532 »|| SCLBPMLT m] = °
Os0OL BPMs Phase Difference: Fos ol BPM Phases | Plots A n q I S S
T e —e— _— e e . Cleanup | |
5 T « Transverse Twiss Analysi
B ; o ansverse Twiss Analysis
g 10| : .“‘-‘ R
;300 4 ! ) !
] 200 -100 o 100 200
e 200 Cav Phase, [deg]
2 Os O BPM amplitude
o 100 9 S— -
£ 39 : i O i S =
. = —— == =
B2 N : = H .
He—— . mpiemenrtarion
: : : s et : .
-200 100 0 100 200 -200 -100 0 100 200
Cav Phase, [deg] I Cav Phase, [deg]
Post Scan: Remove Selected BPMs from Analysis Post Scan: Apply BPM Amp. Limit to all Cavs and BPMs Edit the scan data y o n I p e n
X for Selected Cavs. “ X for All Cavs. ” X as Bad BPMs ||  Set All BPMs as YES! BPM Amp Limit= |J. | Apply BPM Amp. Limit @ Do Cleanup Remove One Scan Phase Point

Time: 12,06.17 12:56 |

« “One button” tune up application
« Takes about 40 min to tune the whole SCL with 81 cavities
« The SCL can be retuned instantly if we have to switch off one of the cavities
 Non-destructive scan capability
X QAKRIDCE g™




SCL Tuner Wizard: Transverse RMS Sizes, Matching

[SNS Production XAL] - SCL Wizard - /home/shishlo/tmp/oooo000/SCL%20WIizard/2015_11_15_scl_production_with_LWs 36mA.sciw*

Quad and Cavities Amp.&Phases Sets Hor. Ver. Long. Plots | Cavities and Quads Tables |
| # | Use | useExt Gauss Fit 3 = - =
T ] oL Horizontal Size
() Use Gauss Fit l| | i SEE etafies
® Use RMS z | | f ’ g
£ . | ‘ m £
i L i 1 e ; {
| Dump Quad Fields to ASCII ¥ I LA | /i ES OI.
@ A | | 3
Lopune o pos, onse e o8 Ll :
[ LR L i3
| Read Cav Amps. Phases from ASCHI = =
Horizontal — —— pos, [m]
¥ | WS/LW Pos.(m] | Use | S,(mm) | Gauss [ RMs | ||| © Vertical Size
|1 SCL.DiagiLWo1 7.37 W 372 [3.82 412 |- B E
3 [5CL.DiagiLwo2 1321 | [ 2.54 [2.67 2.1 t
S ISCL_Diag:LW03 1905 | b 171 171 315 =/l |
7 SCLDiagiwod 124895 | g 337 312 366 | ||E b : WA
3 SCL.Diag. 73.65 v 2.36 22 3 - i N h _m“-m' \
I Wi Tl N o
11 /5CL_DiagiLwi3 8154 v 258 252 391 N b il o
13 5CL_DiagiLW14 89.43 W [3.46 352 |43
15 SCL_Diag:LW15 97.32 vl [3.15 3.1 354 i
17 5CL_DiagiLW32 231.47 M 241 244 251 | | L
19 5CLDiagLWol (737 v 359 137  la1l | 100 s oo 200 200
Veniaal o Longitudinal Size, RF Freq. = 402.5 MHz
_# | wspw [ posimi [ Use[ simmi| Gauss [ Rws [ | : : - : :
2 5CL_DiagLWO1 737 257 [2.97 _|a| it = g =S ! = =
4 [sCLDiaglwo2 1321 251 235 = || : : ; :
6 SCL_Diag:LWO03 19.05 v |1.7 1.63 1.81 =y t
€ SCL_Diag:LWo4 24.89 M 165 |161  [232 A= |
10 SCL_Diag.LW12 73.65 ¥ 316  [3.11  [3.04 & 7 I '
12 K5CL_DiagiLW13 81.54 v] 3.62  [3.71__ [2.93 it i i { t :
14 [SCL.DiagiLw14 89.43 v 389 Ja07 [3.19 i M Tt = = =R
16 [SCL.DiagLW15 97.32 | W 13.3 368 128
18 /SCL_DiagiLW32 231.47 v 074 Jo73 |12 || 100 200 300
120 iSCL.Diag.LWO1 7.37 i 256 1268 305 |~ Ros, [m]
Initial Twiss Parameters eKin[MeV]=/1 860400E2 || Final Twiss Fitting Results
| Name | vawe | Error | FitStep Curr.[mA]=3 600E1 ||| Name | value Error
[Ripha X |-0.8468 [0 0.1 Fit Em%=/5.000 ||{Aipha X 1-0.5475 [0.0486
BetaX  [3.3467 [0 0.1 e s BetaX  [3.3729 _ [0.1996
EmitX_ |1.1034 |0 [0.0167 | Emitt X 110994 |0.0476
AlphaY |-0.3573 |0 0.1 e MllAphay  |-0.3249 [0.037
BetaY [4.5872 [0 0.1 fters. Left=0 \llgeta Y 37734 [0.2181
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Lessons Learned from Latest Tuning Apps Development

Tuning automation is a must

Integrated applications (wizards) are more powerful

These apps are not only for tuning, but they are also for studies

Iterative approach is forever
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