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Outline
¢ Overview of commissioning software system
¢ Database
¢ High-Level Application frameworks
¢ Beam commissioning applications
¢ Conclusions
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Design concepts of commissioning
software system

e Large number of device channels at J-PARC LINAC
— ~20k with beam monitors, magnets and RFs must be fully controlled

o Various settings of devices

— Various beam destinations (4 dump lines, 1 transport line to RCS)
— Energy 3~181 MeV (during RF tuning)

= Central data source
— Use of RDB

 Online model and device control
— Should be closely connected

e Easy development and maintenance of applications
— Java
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Commissioning Software System

Control

»

system . ..

>

T S : Save and Restore DB

Snapshot of

device parameters

Interfaces
1
1

« Commissioning DB

-

Commissioning DB manager

input
files
1

Data analysis
and feedback

High Level
Applications

Device Control

— EPICS CA
« JCA/CAJ

Database
— Commissioning DB
— Save & Restore DB
Unit Conversion Server
— Physics records
High Level Applications
— JCE/XAL

Generation of input files for
HLA

Data analysis in
commissioning and feedback
for device parameters
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Commissioning DB (CODB)

e Central data source for commissioning software
and infrastructure
— Geometry of beam-line devices
— EPICS names
— Device and beam modeling parameters
— Unit conversion function parameters
— Generation of input files for high level applications

 PostgreSQL
— “The world’s most advanced open source DB”

— Being improved rapidly (both performance and
functionalities)
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Commissioning DB Manager

lattice parameters LI Lattice
SOt area sort element sort wype i1y 4
facility area element element_type eff. length [m C[T/m] (OM) [BL[Tm]/B[T](...| RFamp[My] |EF pl deg] tag match

L MEBT 1 STMYDS DCy €,441 0.0 matchuncard
L MEET 1 FCTOE FCT 6,545.25 matchuncaro...
L 1EET 1 SCTOE BCh 5,545.25 atchuncoro
L DTLL DTOOo1 T 6,636/40.9916 -35.386379 atchuncort
L DTLL ELMFOL BLM 6,673.233 atchuncoro...
L DTLL BLMSO1 BLM 6,673,233 atchuncor0
L DTLL RGOL RC €,673.233 0.129996 -20.0 atchuncoro...
Ll DTLL DTQ02 B | 5.710.45640.9916 69.865049 atchuncord...
L DTLL BLMPO2Z BLM 6,748.418 atchuncor0
L DTLL BLMS02 BLM ,748.418
L DTLL RGOZ RC ,748.918 0.14326 20,0 chuncaro...
] DTLL DTQ03 o 5,786.3740.9916 -58.20927 atchuncorO... [EICHSi
L DTLL ELMPO3 BLM 6,825.053 atchuncoro...
L DTLL ELMS02 BLM 6,825.053 atchuncoro...
L DTLL RGO3 RG 6,825.053 0.146531 -30.0 atchuncor0
L DTLL DTQ04 B | cco:7z640.9916 67.58505 atchuncorC... [EERein
L DTLL RGO4 RC 6,503.17| 0.149796 200 atchuncoro
] DTLL DTQ0S B | 042604409916 -67.52516 atchuncorO... [EICHSi
L DTLL RGOS RC 6,982.755 0.153053 -20.0 atchuncoro...
Ll DTLL DTQOS B | 022.82640.9916 67.23502 atchuncord. .. [EERSin
L DTLL RGOE RC 7,063.373 0.156304 -30.0 atchuncor0
Ll DTLL DTQO7 oH ] 7,104.82/42.8232 -63.47634 atchuncoro...
L DTLL RGOT RG 7,145.445 0155547 -30.0 atchuncoro
Ll DTLL DTOO0R B | 718807142 8232 62 693851 atchuncord
L DTLL L] RC 7,230.502 0.16278 30,0 atchuncoro...
Ll DTLL DTQO% N \ o7z oszaf4zB232 -61.953649 atchuncort
L DTLL RGOS RC 7,316.094 0.166009 -30.0 matchuncar
Ll DTLL 0TQL0 [ 359.254/42.8232 61.213448 matchuncoro...

lattice tag panel

alignment tag panel beam tag panel
tag timestamp cormment

base0000 2006-11-20 initial base [attice for LINA tag timestamp_comment e ] B P [

match051201 2006-12-01 after matching by Ikegami align0000 2006-1... base al match0.. | 2006-... JUNACC... 12

Match2 OM e 06 1201 5006-12-01 > OMeY, Sma, matching [ match5.. | 2007-... JUNACC...

match37Mev 061201 2006-12-01 matchR... [2007-... RFQ ge..

tag rmatchuncard7 0626
timestamp 200770820 0:00:00

comment

beam parameters

alpha_x |-1.3453
0.14848
12625

x |0.0

beta_x

emit_x

x [0.0
W (keV)

spacecharge |1

2966

37MeY, SmaA, matching (u..

Uncarrected OM field bhased on match070820, for matching study an 26 Jur

alphay 2.01561
019599
13.71

y D0

beta_y
emit_y

y oo

q -1

tag alignooog

timestamp 2006/12/01 0:00:00

-0.066842

627 9982734889
z |0.0
' |00
150

0.632114024396]

tag matchuncorQ70626
timestamp 20070910 17:24:50

comment EFQ geom cor {actually Tyfiss params

control panel

load DE
[ generate T3D
save to Lattice DB
[ save to Beam DB

update data from XAL file

delete Lattice DB

e GUI for Commissioning
DB

_——— Geometry

— Device parameters
(e.g. magnetic field

Generation of XAL input
files

e Save a data set with a
tag and comments
— Different beam settings

— Corrected device
parameters in the

commissioning



Unit Conversion Server — «77

Provides physics records in connection to device records
— Indispensable for efficient beam commissioning
 Portable Channel Access Server

o« ~400 magnet power supplies
— Conversion function : 3" order polynomial (inverse function solved analytically)

Configuration file generated from CODB

a Unit Conversion
»le—lCONV PCAS

“HRS) bhysics records
\_ (magnetic field) V.

Interfaces

>

Device records : _
(current) Monitor and set physical values

— OPI
High Level Applications

\ 4




/e _j-PRRC

High level application frameworks’

e JCE (Java Commissioning Environment)

— Framework based on a SAD script language JCE script
— Parser and core codes in Java
) . ) Add->{KBFComponentFrame[
— QUICk development of appllcatlons Add-> {KBFGroup[Text->"Wire Scanners X for emittance fit
. : . Add-> {KBFCheckButton[Width->xwid,Variable:>awsx[1], Tt
* Beam dlagnOStICS dlsplays Add-> {KBFCheckButton[Width->xwid,Variable:>awsx[2],T¢
» Magnetic field set panel Add-> {KBFCheckButton[Width->xwid,Variable:>awsx[3], T
i Add-> {KBFCheckButton[Width->xwid,Variable:>awsx[4],T¢
e Transverse matchlng
- [ ]
— Framework in Java developed at SNS
— Devel for J-PAR 1l
g o J-PARC JCE application
 Beam envelope simulator
* REF tuning | e

* Orbit correction

« Beam based alignment
* Energy analyzer

« Save and Restore DB

 JCE/XAL common functionalities
— XAL input files
— XAL online model
— XAL wrapper class for JCA/CAJ
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Applications for J-PARC LINAC
Commissioning



RF tuning application (XAL) afsemee

 Tune amplitude and phase of RF to accelerate beam to a
designed energy by measuring time of flight of beam.
Fast Current Transformers

' '

H- Beam | | = g

v
Scan RF amplitude and phase  time of flight™ Energy

1/

/( 6 J e "vl*:!la BDE?IQJJTDJJSE e V\I

Select best-fit  Designed'energy

amplitude with model
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Beam Based Alignment

Beam Position Monitor

Orbit unchanged

\

\
Steering dipole Orbit changes with
magnet QM field

Quadrupole magnet

e Tune steering magnet so that the orbit
passes through the center of a quadruple
magnet



*la
(e PARC

Beam Based Alignment application (XAL)

— Change QM and steering field and
measure beam positions with BPM

— Find center of QM MEBT1 BPMO5
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Transverse matching

File Edit Window Accelerator

Emittance Fit Panel Matching Panel | Twiss Panel Plot Panel | Backward Propagation Panel | QM Field Panel
Twiss Plot
Twiss Plot
224 22
2.0 2.0
1.8 1 1.8

sa2jpweded S5

r-t r-t = b
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Save Plot

Load All Data

Quadrupole magnets

ere scanners

Save Plot File matcher-2007-10-3-11-37.plt

-~ oy Profile measurements
Aerative tuning

(tune beam envelope)
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Transverse matching application (JCE)

||||||

| T S P
158 w00 50 S8 100 50
Huowizontal profile(mm) Hovizontal profitefmm)  Msasore Meaune
Twiss Twiss
13 134
e e 8
i 254 23 i 254 23
L] — X [
T SR Forl SR
| B=2 | B=2
H * : |
ERe 15 ERTE ¢ 1
20 i VL
34

[Ty

Before correction

[Ty

After correction

Measurement of
beam profiles with
wire scanners

Optimize QM field
for periodic beam
envelope with
Newton-Raphson
method

Mismatch factor of
less than 5%
achieved



Energy analysis application (XAL) <~

o Beam current ®* Integrate all
Information for

energy
calculations

Choose a proper
FCT pair and
calculate energy

T
Energy evolution during
RF tuning




 Magnet field setter
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JCE application

Ee fdit Acrelerater Load Magner Seming  Vindow
Comtrel | MENTL | DFLL | DTL | DT SOTL | MiET2
GILOAL MG

LLLAGT0MOPS05
L LIET:0MOPS0T
I
u

ITMOPSNS
TOMOPS1L

L LABT M 12
LLLIBT:QMFTS23
LLLIRTGMITS 1Y
UL LIETOMHS 3
LLLART:OMFP 34
L LIGTOMITSS
LLLIBTAOMFPS 36
LMITS51
IETOMERS2
LLLIBT:OMPS01
L LIRS
LLL3BT:OMS03
ILLINTGMIS 04
TRET BT
UL LIBTMPS LG
PHET: EMYe)
L LIBTOMISTH
LLLIRT:OMPSA G
L LINTAMIS
LLLIETAMPSE
LLLIRT.GMIS40
LLLIETOMPS0

o Current monitor display

Anut

set Field

LIt

oUMI | LINT Bend
MONCUR
LLLIB T OMDISEs
LLLIETOMBPS 6T
LLLIET:OMOrS a0
LI LIET:OMEPSIL
LLLIETOMBPS 13
LLLIET:OMri1
LLLIET:OMFPS 20
LLEIET:OMFPE2L
LLLIET:OME S22
LLLIBT:OMFPS23
LLLIET:OMIPEI2
LI L3R T:OMFP 32
LLLIETOMFPS34
LLLIET:OMITSa5
LLLIET:OMFPS36
LLLIET:QMPPSS1
LLLAET:OMFS2
LLLIET:OMPSOL
L LR
LLLIET:OMPS 02
LLLIET:OMPS 04
LLLIBT:OMPS15
LLLIETIOMPS 16
LLLIE MY
LI LIETOMPS 18
LLEIET:OMPAS
L LIBT:OMPSAT
LLLIETOMPSAS

lirip

Beam Loss monitor display

[ile Lain Accelerator Windmw Leln
Loss Amplitude
BLM Display
e 20
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Save Gain Reference Loail Reference
Remuve Reference
Snapshot

mormalize Gain

Beam position monitor display

Eibe EQit Accelerator YWindow
Current

Heln

Control

Save Heference

Cantal
Reterence |
Tile
Load Reference
Remuve Reference

Snapshnt

Eibe  Edit  Accelerator  Window Help
P
EPM Displa
&0 ERAY, r6o
EN-E a“

(W) uersod

Cantral

Save Heference

Contral

Neference File

Load Reference
Remuve Reference

Snapshnt




First acceleration to 181 MeV

File

Edit Accelerator

dow

24 Jan 2007

ECT Monitar (SDTI-RD0)

[ FCT Panel

Pair Panel

w
|

Energy Plot M) i Energy Plot |

(ARW)ABIZUT pRansea

200.0

Measured Energy

181MeV ™"
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[]S01BFO-SO1EF2
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Il Reference

o o o o
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First acceleration to 181 MeV
24 Jan 2007

TR 9%
1A24H
i 15




First Injection to RCS (HO dump) (P PARC
5 Oct 2007 HO dump

I-BPM

Beam from LINAC MWPM4
MWPM3 }’\

\ \ MWPMS5
|
2 ) \
\l _= "
| =5

K-BPM QDX PB1 PB QFL SB1 SB2 | SB3 \SB4 QDL PB3 PB4 QM |

RCS \ B%BPMZ

V\

| sone0
‘‘‘‘‘‘‘‘‘‘

e 2avoe

.....

.....

ETUTE

Beam profiles measured by MWPMSs
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Conclusions and Outlook

« Commissioning software system developed
and successfully applied to J-PARC LINAC

— Commissioning DB
— Unit conversion server
— JCE and XAL

* Improvements for more efficient operation
— Maintenance scheme of Commissioning DB
— Development of Save and Restore DB



Thank you for your attention!
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