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Application Programming Update Since

March 2003 | ”ZSNS

SPALLATION NEUTRON SOURCE

W’UU \

« XAL Infrastructure
— Database population
— Standard Application Framework

e Online model
— Benchmarking
— Example uses

* Applications
— 15 XAL applications (+ 5 under active development)
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Database Population
4 |

PALLATION H[HTEOH SOURCE
Lk 4

w

% Beamline Elements

100 -

80 - E MEBT

B DTL

B CCL

B SRF

B HEBT
O Ring

O Dumps
B RTBT

60

40 -

20 ~

diag mag rf

* Mostly populated for MEBT -> Ring
— RTBT, Injection Dump and Extraction Dump are lacking
e QOver 1500 beamline elements are populated

March 10-12, 2003
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XAL Infrastructure Progress ZSNS

SPALLATION HHHR'DN SULII?[[
L a4

« Standard Application Framework
— Starting point for all

App —un
File Edit View Window

appllcatlons update period (secx: lj
Application | Host [ Total Memory (kB | Free Mernory (kB |
Applicationviewer  |jdgZ.sns.gowv 4, 056, 000 1,287.604|a|
/ ¥io Pc41830.sns.goy 14,148.000 5,201.172
. ¥io jdg2.sns. gow 3,860,000 345.781
C | jdg2. . 4,552,000 1,519 4328
o Client Server Infrastructure WECSTIEET g2 s 5oy ’ 218

— Uses open source, supported
standards for communication
(Rendezvous for network
details, and xml-rpc for object
passing) — provides simple

interface.
e Tools _
: | =
— Solver package for matching
— Graphics package The application viewer uses
— Database connection the client-server capability

March 10-12, 2003
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Application Programming Framework
(o e S ST .

SPALLATION NEUTRON SOURCE

«An Application Framework is developed and used as a common starting”™ “/
point for application programs

*Provides a common look feel for all apps
*Quick jJump-start for application development
sEasy retro-fixes across many apps

*Uses familiar “windows” look feel paradigm

sIncorporates a document architecture

Save/open

Error logging
app setup

Html help

File Edit Accelerator Model Yiew Windo

/ Toolbar for common actions
TPrehe..| | Probe EN Run | Synchronize

Help /
N

|/ Accel | ||

Accelerator navigating

March 10-12, 2003
1

Accelerator Physics 5 ORNL




The online model (C.K. Allen, C. McChesney,

woKozPohw /S

=
SPALLATION NEUTRON SOURCE
Tl Xy

The model is meant to provide quick modeling capability in the
control room

— Tracks either envelope (with space charge) or single
particles

Automatic lattice generation from the “Xal” infrastructure
— Usual splitting of elements
Lattices can be configured using:
— Default values (data base)
— Live values (EPICS)
— User defined “what ifs”
Can be run via a GUI application or via scripts

Benchmarked with Trace 3D and parmila for the linac and MAD
for the Ring / HEBT

Accelerator Physics 6 ORNL



Lattice Generation Application (P. Chu)

N

SPALLATION REUTRON SOURCE
> <

File Edit Accelerator Data Source View Window Help

Probe File... || Probe Editur‘ | Create T3d... H Create Dynac.. ” Create MAD...

Gelected Sequence; HEET1-HEEBT 2 =
Modes:

HEBT _Mag:Qvol
HEBT _Diag:BLMO1
HEBT _Diag: w501
HEBT _Diag:BCMO1
HEBT _Diag:EPMO1 b2
HEBT _Mag:QHO2 =)
HEBT _Diag:BLMOZa
HEBT _Diag: ws02
HEBT _Diag:BPM 02
HEBT _Diag:BLMOZh
HEBT _Mag: Owi03
HEET _Diag:ELMO3|
HEBT _Diag: Ws03

HEET _Diag:EPM 03
HEET_Mag: QHO4
HEET _Diag:ELM 04
HEET _Diag WS04
HEET _Diag; BPM 04
HEET_Mag: Qv0S
HEET_Mag: DV 0s
HEET _Diag:ELMOS
HEET _Diag:EPM 05
HEET_Mag:QHOE
HEET _Mag:DCHOE
HEET _Diag:ELMO5a

UCDT Misa-DOR SE

» External Lattice Generator application can generate input
files for:

— Trace 3D, Dynac and MAD
— For design or live values

March 10-12, 2003
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External Lattice Check Procedure !SNS

Lattice Code

l

Datalbase

XAL infrastructure

|

Intermediate Lattice

RN

Online Model External Lattice Generator

Lattice Code —

Accelerator Physics 8 ORNL



HEBT Lattice Check

Twiss)

2 00EL

7 YA
2.33E0 I\[\J\ | I\
\M
0.00EQ 2 OIOEl 4. O‘OEI 3 O‘OEl 8 O‘OEl 150(;[7)52 1 ZIOEZ 1 4‘OE2 1 GIOEZ 1 B‘OEZ 2.00E2
(OLM - MAD) Comparison
0.02
o 001 —d_beta x (m)
2 — dbeta_y (m)
% 0 d_alpha x
= 001 E d_eta x (m)
' — d_mux (rad)
-0.02
s(m)

Online model
HEBT results

Comparison of
online model and
MAD results
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Ring Lattice Check (P. Chu, S. Couseneau) !SNS

SPALLATION NEUTRON SOURCE

ARSIV A

Design Larice: Ringl-Ringd Dare creared: Wed Feb 11 14:34:50 ESTZUM

SNS Lmac Accurnularor Ring

10 HEUX version 8.22/14 11/62/04 16.08.25 o HP/UX version 822/14 . . . _11/02/04 16.0840
5 ' ‘ ‘ ‘ ' ' ‘ O]
: 275 B:- - 75 B’
2504 25,0 ; ‘ A
4 H -
211 Mad putput from ofi ginal =1 | IMad output from| XAL
0] = 2.0 .
H H () )
EBN attice generated file
15.0 i ‘
: . 15.0 | :
B I O S ! , NSl P ! 1 i ¢ {
2.5 f) A Iﬂ‘ }\ : f‘ THE \ﬁ\ i et l\‘ i 125 ‘I ) T i : Nl ]! BT IN , St !
166 - [t | o SRR TS T SN N e S R L R |‘ b PO
:' ‘\': \”\ ' e in :: ‘I' ! | | ‘| I‘I : I‘ e :' : ! ' ‘r: |
7.5 \ HEIRE 1o o Y I"‘u‘l ERi I J‘l\\: ‘ \|'| :' nfl o
5.0 i 1 AR N VIR :‘J Cy it i I Y
25 ' 7 I RERIE il A \ IL" A A
0.0 2.5 w Y Ry iyl Wy
oo 25, b 75. 106. 135, 136, 175, 200, 235, 236, f
8./ por = 0 s i) s 2. b, 7 160, 135 138, 175 268, 235 ( 2}01
N s (e
Tuble niume = TWISS 3 poc = 0.

Table name = TWISS
L
3.00E1 Le g d
X

[t

Twiss)

& 00E0

2 00EQ

-2 00ED

T T T T
0.00ED 5.00EL 1.00E2 1.50E2 2 00E2 2 50E2
s ()

 Good agreement in MAD results, comparing the original starting
point and a file generated with XAL (using default values from
the database), and the online model.
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Matching with the Online Model ZSNS

SPMEHIUH H[lITE'[IN SULII?[I

Vary the initial twiss parameters so that the model predicted beam size

best matches the wire profile measurements (in MEBT)

Beam size using initial default twiss

Beam size using “matched” initial

twiss parameters

values
5 -
4 -
)] A
— 2 AN — horizontal model
\

\E, 1 “F-!l!mqﬂ'vu! —— vertical model
g 0 h = Horizontal wire
YA AL TR VA

Pt
-3 4
4
0 2 4 6 8 10
s (m)

size (mm)

O N Bk O RPN oW A
|

i)

A
. — horizontal model
] —— vertical model

= Horizontal wire

= Vertical wire

10

*Done offline with a jython script program
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The Online Model Application (w. D. Klotz, P. Chu) QSNS

. 1 —pick an accelerator sequence T —

File Edit Accelerator Model Yiew Window Help Epec) [ e o
| Probe... |v Probe Editur| ‘ Run || Svnchrnnize|
™ 3 _run the model using live data
2 — pick a probe :
Twiss Plots 3 e
[ Emit X P
21 - .
=] N
([l Alpha Z M
! [C] Emit Z 0
O BEPM X C
® Current ol
% 2 4 & 8§ 10 clm) 12 14 16 18 20 22 Save Data
s

A MR R © use peam Trgoer

[iorrefjog fwvork scripnsxalscripts fbaseline fmain_lelt-hekr, xal; MEW LATTICE: MEET-DTLE; MEW FROBE: fhorme/jdg,/work/scriptsfxalscripts /baseling (MEET _Trace_E
March 10-12, 2003
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Orbit Display (Cosylab)

AN

SPALLATION NEUTRON SOURCE

Lk 4 \

bd OrbitDisp
File Edit Accelerator View Window Help

(a1 || Open... || Sa\re| ‘ Cut H Copy || Paste ‘ | Capture as PMNG

S HOR pos @8VER pos

BIRE: 0.73 1.33 1.93

2.53 313 373 4.33 4.93 5.53 6.13 B.73 7.33 7.93 8.53 9.1

3

HORIZOMNTAL (1073 G EMS STD hl 2 WERTICAL (10} AG RMS STD NS

last true BPM's [mm] =00 0011 0010 -0.0. . last true BFM's [mm] -0.0... 0.005 0004 -0.0.. Save Orbit
aweraged BPM's [mm] -0 0.007 0007 -0.0. . averaged BPM's [mm] 0000 Q004 0004 -0.0 .
saved awg BPM's [m...|0.000 [0.000 0.000 0,000 saved avg BPM's [m...|0.000 0000 0000 0,000 [¥] More

Average Over |10 | | Reset EPM Averaging |

[_] Show Relative to Reference | 5et 5aved as Reference | | Save Reference | | Load Reference |

’Selected sequence . MEBT-DTL2

*Uses the XAL application framework
*Provides statistics
«Can save the setup

March 10-12, 2003
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1-D Scan Application (A. Shishlo) !SNS

Provides an easy way to scan one quantity and monitor others
« Can average over pulses, scan multiple times, pause

SPALLATION H[lITEDH SOURCE
| i Vu

* Analysis includes fitting, intersection finding, min/max, etc.

« [Easy way to do a quick unanticipated experiment

» Predefined scans with specialized analysis are possible
— DTL and MEBT phase + amplitude setting applications

| Scan || Analysis & Management || Set Pv's |

This is a Read Back Value:
-0 |
<
SCAN with step:

Time delay after settings [sec]: | 0.5

@) Use Beam Trigger, Delay [secl: | 0.2

) fverage for N read out with T delay
N=| 1 T delay [secl= 0.0

() ¥alidation: Tow= 0 upp=| 100

| mwRzE
PV Set: [ 0 ]

Read Back: 0

READ FROM EPICS

$ DTL Cav. Phase
@ PV Set

PV Read Back
@ DIL Transmission PV
[w] DTL_IMag :FC160 : currentMax

PV Read Back -

[ DTL_LLRF:FCM1:Ct1PhaseSet |

Validation PYs -

|Read Predefined Cunfig.| |Preferenl:es...| Time: 02.25.04 17:39

Measured Values

& BEEL

6.26E1

5.67E1

5.07EL

4.47E1

3.87E1

3.27E1

2.67E1

2.08E1

1.48E1

8.79ED

2.81E0

-3.17ED

SCAM . Measured Values ws. Scan Py's Walues

-1.98E2

T T
-&.60E1 6. 60E1
Scan Py DTL_LLEF:FCM L:CtiPhaseset

1.98E2

s. DTL RF settings

March 10-12, 2003
1

Accelerator Physics

14

ORNL



Scope Application (T. Pelaia)
ﬁm&

SPMEHIUH NEUTRON SULII?[{

A Digital Oscilloscope — with a similar user interface as analog scopes
» Displays array waveforms vs. time (NOT vs arbitrary units)
» Uses the time correlator, has built-in math capability, FFT, triggered data

acquisition

« Will use this for comparing waveforms from RF, diagnostics, etc.

« Requires input from signal providers describing how the array information is
packaged, and offset from the cycle start + accurate timestamps on signals

X =w Scope - fadefxalfdocsiscopefdtl_rf_01_jdg.scope

File Edit View Window Help
~Channels—— rChl S
Sat Jul 18 07:48:44 EDT 200 i
c 0050 e : Gria_| il |DTL_RF:CaV01:FWd_WTM | set
' PNG
4. 30E0 | Units: Enahle
Rate
e - Units; Div Offset
3.60E0 Ch3
» |4 ¢ 10000.0
2.90E0 Ch4 1000.0
] by - -\ ~100.0
2.20E0 i Trig [ Lon
§ 1.50ED o + DTLl RF W 1.0
Q 0.1
5.00E-1 4 waveforms b0t
1.00E-1)] 0.0010
-6.00E-1 ] LOE-4
50,0 0.0
-1.30E0 S =
_ Channel | Label |  Enable | Scale | Offset [=
2.00E0 T Y T T 1 DTL_RF:Ca... [trug 0,02 0.0
0.00ED 5.00E2 1.00EZ 1.50Ez 2.00EZ ? DTL_RF:Ca... [true .05 0.0
turns z DTL_RF:Ca... true 0.0020 0.0
4 false 1.0 0.0
Dark Light -
L [ ar ch 10-12, 2003
Accelerator Physics 15 ORNL



XYZ Correlator Application (P. Chu) :SNS

Pick 2 (or three) signals and monitor them together i
« Can use the time correlator to ensure signals are from the same pulse
 Added customization features + added to the framework
Can export or flt the acuwed data -

MEBT _Diag:BPMO4: phasefwg

Correlation between phase
measurements of 2 BPMs

= =
S o @ =) o

wvgeAvgedvgedvgeAvgedvg
Pt

T8l 62 63 64 65 66 67 68 69 70 71 72
MEET_Diag:EPMO4:phaseivg

Y=-8076 + 124X

March 10-12, 2003
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Save-Compare-Restore (Score) Application SNS

SPM[MIUH NEUTRON SULII?[[

 Provides a means to capture machine setup, compare live values to a
saved set, and to restore values to a saved set

Grabs settable + readback signals
« Can sort by system and device type

| Load devices/types | | 0pen...| | Save As.. | | Snapshot Machine| | Restore || Capture as PNG|

Select Systems RFQ | MEET | DTL [ Timing | FE | DPlate |
g?:te Tope | Setpoint name | SP Save val | SPliveval | Readback Mame | RE Save val | RB lwe val |
RF
FE RFQ:RF:Gain 0.3500 0.3500
MEBT RFOQ:RF:Gain_Rot 116.9083 116.9083
RFQ RFQ:RF:Int_scale 7000.0000 |7000.0000
. . Timing RFQ:RF:Loop 1.0000 1.0000
o Th|s IS the RFQ:RF:cavAmpset 0.5512 0.5512 RFQ:RF:cavAmpAvyg 0.5488 0.5403
RFQ:RF.cavPhaseSet 24.3920 24,3020 RFQ:RF:cavPhaseAvg 24.3090 242417

RFQ_HPRF-Mod1:VCTL Ser130.0000 130.0000 RFQ_HPRF:Mod1Y_Mon [100.3780 100.3750

pri mary means to . RFQ:RF:F\:\;dPDw;er_ 686:1238 6?3:1348

RFQ:RF:RfIPower 9.4841 9.0523
RFQ_HPRFEModLI_Mon  148.8328 48.8791
snap-shot the Ters
Sys Set RFQ:Chllr_2:T_Set 24.2000 24.2000 RFQ:Chllr_2:T 25.2192 25.3264
R T T oo RFQ:Chllr_Z:T_LB 24.1819 24.1849
machine state
Diag RFO_VaclG_2:P 2710E-7  [2.694E-7
Duty RFQ_VacXvists 1.0000 1.0000
Gate
LEBT
Mag
RF
RR
Source
Temp
Vac
Type Set Machine data saved at Sat Aug 30 19:36:59 EDT 2003

March 10-12, 2003
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Service Applications (T. Pelaia)

e MPS post mortem

— monitors MPS events and
sorts the signals in order of
occurrence — I.e.
determines the root cause
of a trip

keeps statistics

PV Logger — periodically grabs sets
of “physics” data and stashes them
In the database

— Magnet and RF settings, BPM
data

— Can be triggered by other
applications

— Data to be used by other
applications

AN

3 WPs Clien NEUTRON SOURCE
File Edit View Window Help
update period (sec: | 5|
Host | Launch Time | Running | Posting
pc41830.5ns.90v Feb 25, 2004 17:11:12 EST true true =
| Latest Log [(P¥s |
Time:
MPS stats from Wed Feb 25 17:11:12 EST 2004 to Wed Feb 25 17:11:34 E5T 2004 =~
Physics_Test:Scope:chz, counts = 0
Physics_Test:Scope:chs, counts = Q
Physics_Test:Scope:chl, counts = 0
I =]
= =i

File Edit View Window Help

update perind sen: | ©

HasL 1 Launch Time Logging e (3) I Loggng |
£c4 1830505 gov Feb 25, 2004 17:08:42 5T §.000rue ’:
Latest Log [P |
Time: Fob 25, 2004 17:10:15 :
il 5367 -

e bom test
[Fimestamp. Feb 25, 2004 171015

2004 171014 535

L.ty BPM 203, g
DTL. Coag DI‘N20° WA 5 (0 LHE"HH’II’JQSS‘}
5 [0.007278477RO12360796)
| 0 FeD 25, 2004 17:10:14,595
DL, Deag BPM 208 wivg Fep 25, 2004 17.1014.995
DTL. Ciag DPHI08 whoy 004 17:10:14.555
DTL_Diag BPHA03 wiog 004 1710014 5
DTL_Diag BPHA03 wavg
DL Deag BPMAOD. wivg
DTL. Ciag DPH 405 whoy
DTL_Déag BPHS01 tiog
DTL_Diag BPHS01 wavg
DL Deag BPMEOT wivg
DTL. Ciag DPHEOT whoy
DTL_Diag BPHEOT wing
DTL_Diag BPHEO3 wavg L2004 17:10°14.535
DL D BPMEDD. xtve 2004 17.10.19,995
DYL Diag BPM B3 kg
DisgAPMOL rmg
i BPMOLy

Il‘l‘G.EGS? 10845413
[-0 0095 1305 RE7 19305

_Digg BPMOA 1-4!
Dan BPMO4 el
ing APMOS: kg Fen 35, 2
0 BPMOS g Fen 25 2004 17:10-14.535
0.BPM 10 n2g Fep 25, 2004 17.10.19,995 QEEG
NEE' Dan Dl‘Nil‘wAv‘J , 2004 17:10.14.535 (0.00656370459547 14465

5 (000

439073316983 ‘k'
1953

March 10-12, 2003

Accelerator Physics

18

ORNL



Loss Viewer Application (S.Cousineau) ;SNS

| New " Open... " Save| | Cut " Copy " Paste| |M|

SPMEMI N N[HTEOH SOURCE
LR 4

__u

446299
|

B 2:verage of BLMs

Maximum of BLMs

% of threshold

Devica Walue |
DTL_Diag:BLMOO 99.6562]
DTL_Diag:BLM130 41.1906)|
DTL_Diag:BLM 160 54.7499
DTL_Diag:BLM224
DTL_Diag:BLM248 17.2615
DTL_Diag:BLM3 17 37.6952
DTL_Diag:BLM234 70.14118
DTL_Diag:BLM414 13.3742
DTL_Diag:BLM428 00.0643
DTL_Diag:BLMS 12 58.7722
DTL_Diag:BLM524 pO758
CTL_DiagBLM&ELD 292060/

0 -
123456
DTL Tanks

 View a summary of beam loss by
machine section

— “Zoomable” to specific BLMs B

Viewable as fraction of
permissible loss

| stop Plot. |

-l %
Féié
14 7
¥ ? ¢
4y
o
24 7
EIE
4 100.0
=¥
‘:‘ & s
b ‘ ; 776
rEe 66.3
‘3 % 55.1
44 439
AT [ e
45 214
B rE . 10.2
I “10
14 E:
45
44y
40

[ oy

15
Position

March 10-12, 2003
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Starting on Ring Apps
e /A

SPALLATION NEUTRON SOURCE

W’(/ \

| New || 0pen...| | Cut || Copy H Paste ‘ ‘ Capture as FNG‘
[ M e I I I e rS O t e A P g ro u p [ Tune Settings | Chromaticity || Arc Phase Advance | Beta Function | Harmonic Correction |
Set Tune Resonance Grid
.
E ; D an I |OV : ; Incremen t [o0.001 ~ Incremen t  [0o01 ~ wey: [T R | orcers order 4
u 3 u X tune: % 55 Focusing Quad.:
645
. . o230 [T booo (ISl ] |
W N 1
ousineau) are preparing w ]
[6200 [T TE] [0.000  [«TTET s.05 /
. . . .
Calculat drupol Calculat drupol
Ring applications usin I I | ..
Quad. Set Points: Quad. Read Back: o /
Arc Defocusing: 43250587 4252205 545
XAI to O I S Arc Focusing: 3 909989 3915303 w0 v ™ -
Arc Focusing6cm): |2 617235 2.609159 i / \
Arc Matching: -2.022902 -3.023254 4,956
495 520 545 570 505 620 645

. HEBT matching - —
algorithms

* Ring Optics settings

 Injection

March 10-12, 2003
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Summary

AN

SPALLATION H[lIIR{IN SULIM[
L a4

« The XAL application programming infrastructure is in place and
working.

— ~ 15 applications written
— Online modeling is available

e Directions
— Starting on Ring applications
— Getting more detailed information in the database
— Moving towards service applications
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