Commlssmnmg Plan
Operation Software
D.Lanaia®, M.A. Fraser, D. Voulot
*The research project has been supported
by Marie Curie Early Initial Training Fellowship
of the European Community’s Seventh
programme under contract number (PITN-GA-2010-
264330-CATHI)
HIE-ISOLDE Workshop 28-29" Nov 2013




‘ Outline

@ Introduction
® Timeline for commissioning

@ Control System & Generic CERN Applications
» 3 Tier Architecture
v' F.E.S.A. Class (Front End Software Architecture);
v" InCA (Injector Control Architecture);
» TIMBER (Login and data monitoring)

@® REX-ISOLDE’s Software and Applications

» REXEBIS and Trap

» Working Set & Equipment Array
» Beam Diagnostic Application

» Mass & Energy Scan

& SpeC|f|c applications for HIE-ISOLDE

Beam Diagnostic Concept
> T.O.F. (Time of Flight)
» HIE-Phase-Up
» HIE-Converter
» Setting Generator

@ Conclusion
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@ REX: Post Accelerate Radioactive lon Beam (RIB)
» RIB: Weak and difficult to detect in standard diagnostic
» Scale: Standard way of machine tuning

EBQ@@E@(& IHS + 3 Seven Gap + 9 Gap

%ﬁ@%&%% MeV/u (39%5)§@?N 4.5)
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‘ HIE-ISOLDE: Energy Performances

. 16
® Energy Performances: TP
14} .
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‘ Time Line for Commissioning

2014 2015 2016

LS1 & shutdowns

Civil engineering

Ventilation

Cooling water

Power

Safety

Compressor installation and commissioning
Cryogenics installation (cold box and transfer line)
Cryogenics commissioning

Hall extension clearing

Dismantle REX beamlines

Miniball move

Tunnel extension + mecanical structures
Cabling + piping

Cryomodule 1&2 installation

RF installation and low level test (phase ref line)
Power converters installation

Dry ru u

Power converters commissioning
Magnet installation and alignment

Magnet commissioning NOV ]] CheCk OUt |
Bl installation

Bl commissioning (HW) Beam Commissioning
Vacuum installation H > June 15 _ Sep 15

Vacuum commissioning
Drt run/ hardware commissioning { -
Machine Check up g Y+

beam Commissioning (phasel)

Physics at 5.5 MeV/u _

D Construction/ Installation I:I Periodicdry runs . Beam Commissioning

I:l Equipment test . Machine check out . Physics at 5.5 MeV/u

4 -
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CERN Control System

CERN Accelerator Complex

® CERN has an integrated control
infrastructure deployed over all the CERN
accelerator complex.

» Advantages:
'+ v Many generic applications/tools
| v’ Support BE/CO
v’ Portability

» Boundary conditions:
« « v Need to follow standard architecture
< Programming: language Java
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e Control Room _
- Workstation |

Controls Software Infrastructure

«
Jzi Java Based Protocol

InCA (Injector Control Application):
* Reduce duplication
* Reduce Maintenance Cost

System InCa Applications Server ' * Improve performances of the control system

bmmunication Middleware

L@
java

F.E.C (Front End Computer)
* FESA Class
e Real Time Tasks
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FESA in charge of:

* Hardware abstraction

e Real time control of equipment
* Runs on Front End Computer
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‘ Application Strategy for HIE ISOLDE

e

HIE ISOLDE Applications will be fully integrated in the CERN control system

@

Use of general tools developed for CERN
> DIAMON
> TIMBER
> INSPECTOR
» Working Set
® Use of existing application developed for REX-ISOLDE
» Upgrade where needed
® Development of specific new application for HIE ISOLDE
» Converter
» Phase Up
» Time of flight
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‘ Timber: Login and data monitoring

® Developed for LHC

@ TINMRFER can extract time series data from miiltinle data csniirce

.4 TIMBER w5.2.4

Elapsed: 623ms

=] ([l

U SignIn | DataSource preferences: |LDB (FRO-=TEST) -> MDE (FRO-DEV) + | Time Zone: |UTC_TIME = | Correction |BEST_NOW

‘Wariable Lists | 23 Snapshats | & Settings | T@ Help |

Jlﬂ Qusty OutpLt | 2 query | . Fill search | Fundamental Browser| T2 variable Hisrarchies <" wariable Search

e ROOT

i@ ADE

ATLAS

M5

CMiES
COLLIMATOR.

@ CRYO

CTF3

oY

Detector cooling
EMS
Fundamental Data
HiR.adMat

== Isolde

Hierarchy Variable Selection

m

1 Selected Yariables
H
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Wariable Filkers
Mame: | % Type: | % - Variable Marme Lew
Search Results ﬁ
g
Wariable Mame Description it Datatype Info 2
0
YLADLBEH10:Y_MEAS Measured vo... v NUMERIC ML Y
o
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YLADQPZ0:Y_MEAS ‘73"" - — 1 3 S P ] §
- % o e % H > o8 aal 7 ¥ Cursor Coordinates aQcx reset| | (3 Themes JElack-on-White
YLAD QPSD : \"_MEF\S Timeseries Chart between 2012-08-03 07:05:00.000 and 2012-08-04 07:05:00.000 (UTC_TIMB) Filtered by Fundamentals %
YLAD.QSA}D_B H U_MEAS - 2 TOTALINTOGY = BTY 4CT.21 3 TOTALNTOGITY BT ACT 228 TOTALNTDGITT ,.’/:
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|
|
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Inspector: Integrate Synoptic

® Whatisit?

» Graphical framework implemented in Java that allows to control and to monitor
any CERN standard equipment.

» Application devefemeesttamlolnlll

® Whatit does: A ] ey e A o
- | [ = = = = = e BHZ10

» - Rapid applicatif = P N it
» - Device acquisit == E ‘ = .

» -Datalogging B ,, — — N A
> - MaiI/SMS allar 16:53:00 16:53:05 16:53:10 \'/ 16:53:30

CLVGP0165-AQN/AQN

CLVGP0165-AQN/AQN

FOWER CHAIN STATUS

.-. . QUTPUT n
. ’0'5‘}.‘%0 53.269 s

N 0.0

diNY-3dd
LELETRET

4
=
=
z
o
o
3

Courtesy of: M. Ferrari (BE-OP) & L. Bertrand (BE-OP)
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Working Set & Knobs, Equipment Array

® The Working Set

» group devices together so that generic applications for display acquisition and
controls properties can be seen and controlled in a grouped way.

Operational configuration: REXOP i 2 November 2013 17:25 = EI\ZI
File General REX Tools Test REXTrap REXEbis REXED ‘ EquipArray gSet Active Tasks Context 1: PLS_LINE=ASYNC.PERIODIC.600 0 @,

£/ WorkingSet launcher for REXOP

File il | Windows Help —
| £ REXGSEP - || (O & TRAP > P Cix 1 ASYNCPERIODIC.600 _NON_MULTIPLEXED_ISOLDE 21 SFTPRO | UNDEFINED L) REX:BEAM_OPTICS - ASYNC.PERIODIC.600 = F o &
—————||[Selec EBIS » L NONE nces Cor i ogram

File Edit |LINACTY  REXSEP
EXPERT)|  REXRFQ e ey e

» @ REXIHS

Dig;
XSEP. MD10(

REX:BEAM_OPTICS
XSEP.0P10 RECRF

Electrog EUFFER

XSEP. QP50 Please wait... b To Eap

while creatin orkingSet
XSEP.QS20
XSEP.QS60 o
XSEP. BOS0,
ey
k 1

XSEP.BE30l ; e Frey
1

Getting WorkingSet definition contents from database
Creating JAPC descriptors and CMW devices.

[ jm
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REX - ISOLDE Applications (EBIS & Trap)

HIE-ISOLDE Workshop 28-29t" Nov 2013

Controls and display all REXEbis devices and
time settings

|£) RexTRAP Control v 1.0.0

| £ Rex EBIS Control v 3.1.1
File Expert

= EY

TIMING

Synchronization

% D © + [ © 05Ju12012 15:55:13 PSB - TOF, 03
TIMING
synchronisation [atone || [ RestarT | stop ‘_
PSB synchro
RF Ejecti
Excitation N 1 2 3 End of cycle pARLLS
Exckationeg L 1L 2 _ | 1 L. | Delay [us] 0
: AbAs Abbs Abbs ) Abs | rver |
Duration [ms] 50 0 0 Duration [ms] 1
Y | | Y ey
= == = | Repetition 0
INJECTION W2EJECTION
Open inj. flank ’RFQ open | Beam gate Kicker 10 A&B
[ k4 | Aka | skssssas | asss & |
Start [us] 0 0 0 Start [us] 0.0
I 4sa | aks | akasdas ||| 444 & |
Duration [us] | 0 0 Duration [us] 0.0
’ RF editor ‘ l Trap electrodes l } TOF |

[a1one [+] ‘§6| Start  [RUNHING]
T

Cydle
Trigger interval 49995
49950

akK

Total cycle time
Status

Trap
FYYYYeTS
Injection 100
v

Addihdd
47800
TYYYY

FYYYvYys
10

Breeding

Ramp

FYYYY YYD
500
hiAd

FYYYYTYS
240
RiAd

Extraction

Trap delay

I15:55:03 - Registering RDA Subscription Filter JMX Interface

| HY, Lenses, Steerers & Linac

FUNCTIONS

1*tions
from
ISOLDE

Low energy part of ISOLDE

12

‘ No change are foreseen for application

Trap functions

Lens & HY functions

Steerers

POWER

Electron beam

PRESSURE

Pressure Collector Fressure Gun

6.70E-10mEar

1.50E-10mEar

08:42:30 - Ser request with e

p

S
(]

249




@® Mainly Faraday Cup Based + MCPs

REX - ISOLDE Applications (Beam Instrumentation)

| £ RexBeam Diagnostic v 2,0.0 E[,E‘ !@
N P @ 4 H & 05Ju12012 15:45:58 ASYNC - 1000 ASYNC
Coll. settings
MCP ' FC Collimator
xTRAP.FC10 281E-13 [
- 100
ouT
PLOT, XRFQ.FC20 —— 80
XRFQ,FC20 IN  [(uime i TS = 15m] S
Sensitivity [~] _AuUTO_RANGE S 60
5.22E-11 our 15my g
Last 3 min | Last 120 min XBEN.FC100 1.35E-11 IH out 15m g a0
Average last 5points: 5.25E-11 out 15m
[XRFILFC20 ouT No coll
S4E-114/— ave *
-HE-117|— ave XL65.FC80 -7.93E-14 I MANUAL FC
5.35E-11 XL20FC60  1.10E-13 | manuaLkc Do
5.3E-11 o 50 100 150 200 250 300 350 0%
X position
5.25E-11 leStamp 0 for parameter XTRAP.FC10Acquisition came too jate. The next ... | Show Ref. | Save refences Unfreeze image ‘
S5.2E-11 Position Acceleration Gain Phosphor
FY Yy FyY Yy
5.15E-11 1 4200 1180 4000
TYYY YYY TYYY
ouT 4214 1168 3980

T T T T T T T T
00:51:0009:51:1509:51:3009:51:4509:52:0009:52:1509:52:3009:52:45

13
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‘ REX - ISOLDE Application (Utilities)

@® Mass Scan: Identification of mass peaks and correct A/q selection before the
REX - RFQ

@® Energy Scan: Scan the field of the separator magnet after REX to find the energy

|| Rex Energy utility v1.0.1 =] & =)
( XBENMD120.L65 | XBEN.MD120-120 | 15 RexMass scan folla=s
File Display
Ei
%) D @ 4 [ & 05Ju12012 15:48:57 ASYNC - 500 ASYNC
T R mba1.cern. it files120403_1329_HT19800_Threed47ms_Tperiod50ms_lcoll37mA_Trapopen_buffergas7y
Alq | 4.000 % Settings
¥ ¥YYY REX: AA AhA
16 - Mass SCANNER start13.600a
¥YY ¥YY
AAAA Ahh4 A Aka b O
Magn.Field (mT) 348.420 Energy (MeV/u) 0.300 13- End 39 .eeen
YYY YYY vy
A AAA
- 12 step 0.010a
Calc.Energy Calc.Magn.Field v
A AdA
10 Lim.Field0.010 mr
v
2 ALh A
= :.
Lim. FCuj 3.0pa
@ e ergy sca i 5 v v £
8E-12-] Acquisition
. 67 covt 19.60
i Acql 19.55
7E-12 4
. Field 83.35 T
o 55121 21 2.35E-10, 3.02E-10, 4... A
3
o i Cursor-Field
L 4E-12
o L N
3E-124 1 1 1 1 T
3 35 4 45 5
2612+ Alq Position FC B ouT
12 Start | Stop  —
0ED
15:47:31 - Stop Mass Scan

222 223 224 2.35 226 237 228 229 23

Mag. field (mT)

FC XBEN.MD120-L65—————————————

FYYar 4 sk
start (&) 117.0 |Lim. Field (mT) 0,500 Fosition FC [x]m
YYY V¥ Yy Position FC AQN IN
FYYE Yy Last FC ADN -8.55E-14
End (&)  125.0 Lim. FCup (pA) 0.50
YYY V¥ v =
4 Add vy Hode [~] currenT
step (&)  0.050 |Meas. FCup 3 FR State FF
S/ Field 966.05
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‘ Application for HIE ISOLDE

@® Beam Diagnostics
» Beam Intensity and Transmission: Faraday Cup
» Energy & Time Spectroscopy: Si detector
» Transverse profile & position: Scanning Slit

Same Concept of the
REX Beam Diagnostic Application

Detailed presentation by:
« E.D. Cantero
* A. Garcia Sosa
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‘ Application for HIE ISOLDE

* Get n from bender energy calibration
@® T.0.F. System (uncertainty on energy: few %)

TOF Phase Up

poo : : . — Cavity Input information —Acquire dat
: Ei M Panel—— —
% SCC Cavities Phase : Channel : e
0o ] Base Channel 0 A
. put error:
s 4 : Acquire point 1 0 0 SEBT:FTMCO; BEAMSI GMA
Cryomodule number | < i) (FYRIE GRS
0o~ = Acquire point 2 o 0 epics_tof_pushButton_Callback
Cavity number : line:
o0t - 1 ﬂﬂ Acquire point 3 ’T 0 1450
zook | Set phase (-25 deg): 25 Acquire point 4 0 0
| I g i i i i i i i i . ’—
500 1000 1500 2000 2500 2000 3500 4000 4500 T Ao 0 ¢
Time [channel]
n! » 1 SEBTETMI2 4036 EI:DE ieei= i ] Beiels
00 T T T T Invoke amplitude || 1374.83 jj @ FTM10  JFTM12 _JFTMZ20

ool ; ; H i i : B Invoke phase 26 jﬂ

: : : = H
o EEOUR Y O NSO OO NSO SOOUUNOOOE HUUUUNNOUOS OUSOUOOURN SORPROORRNN B NUOOORRON OO Calculate p

: : : :
i ‘ i ‘ i ; ; ’i J‘““kﬂ e
500 1000 1500 2000 2500 3000 3500 4000 4500
Time [channel]

ke bt SEBTFTM20 d0s6 [4 [y Clear graph iE
00 ‘ ‘ T ‘ T T ‘ ‘ allre47

: : : Cavity phase : ’O— 43

: : : Zero degree phase : 0 o 01 0.2 0.3 0.4 0.5 0.6 0.7 0.6 0.3 1
“onf- : : : : i
: : : Store in database 22MNe Apr08 ~ Aif 11 | Afg |55 E[Mevful: 1,181

0 i i i i i i i i i — Processing T.0.F, S 3
coordinates
500 1000 1500 2000 2500 3000 3500 4000 4500 !
Time [channel] stare in e-logbbok store in data base 22Ne_Apr08 L3 0 0
n! » 1 4096 n-l Sigma Energy Choiece — _Bunch Peried .
Slgmano  5.02 ch @554 L0 ®84.8416ns  )169.6832 ns Global Energy—
Slgma ne 3.89 ch
Sigmano: 104 ch Centreid —Energies—————————————— Beam Energy [ 5 g3 | MeVju
WatchDog  Centroid no Lt 143357 ch Energy 1-2 55 + 0.0 MeV/u Energy error 0.0032  Mev/u
19 Centrcid ne 22 7238 ch Energy2-3 55 = 0.0 MeV/u
Centreid ne 3: 1750.93 ch Energy 1-3 55 = 0.0 MeV fu Beam Velocity 10,8282 % ofc

& oM UMD - OMD— DD -

XT00
[1]F. Zocca, M.A. Fraser, et all.” Development of a -
Silicon Detector Monitor for the HIE-ISOLDE 16 .
Superconducting Upgrade of the REX-ISOLDE
Linac”, CERN-HIE-ISOLDE-PROJEJECT-Note-0008




‘ Application for HIE ISOLDE

@ Cavity Phase Up

» REX: NC machine with fixed velocity profile. -> Phase-up check once per year at
machine starts

» HIE-ISOLDE: SC machine -> 32 independently-phased cavities (variable velocity

.
| £/ HIE Linac Phasing Up 1.0.0 E@@
9 P @ o [ & 27 Nov2013 16:28:00 ASYNC - 1000 ASYNC
22
205 '/,_..—\'
217 / \
Beam Information: = 205 _,.-’ N
g~ /
Insert A 4 2 2- v
= N
Input Energy [Mevu] 1.0 E 1.95
@
Cavity Information; g 197 7 N
e M,
Select Cavity: NRFTGAP3 || 2 e N
1.8 — N
Insert CCW Value (mv) |1300 175 ~ L
T T T T T T T
Insert Data Point | ‘ Exit | 0 50 100 150 200 250 300 350
Phase (tleg)
phase [deg] a0 | 12
field [mT] or channel [ch] (534 Slope & TTF
14 calibration factor (y=m*x) m= 000877
| Confirm | ‘ Fit Curve | TTF: 0.943426922

| Clear | ‘ Save |

Output Energy: 2. 18MeViu

Pickup Voltage (MV)

Zero Degree Phase: 193
Data saved

Calibration

T T T T T T
L1} 200 400 GO0 800 1000 1200
CCV Voltage (mV)

|16.22 54 - Registering JAPC Executor JMX interface i

HIE-ISOLDE Workshop 28-29t" Nov 2013 17




‘ Application for HIE ISOLDE

@ HIE Converter: Converts optics setting coming from Trace3D in Eq. Array
format and vice versa.

ﬁmnu - INTERACTIVE BEAM TRANSPORT PROGRAM 11/18/2013 VERSION T0LY file 20131115 1453 Agd_ exp2 34 (== r=n = ﬁ 20131115_1350_.?3@ 4.5_linac.csv - Notepad
Py File Edit Format Miew Help
0 LN
o ER nrout vabims PN i L.

(: % } 3 113%% { \ #RFC. QP40-Y, Setting#coy, Acquisitiondann, 1608, 75
Y e 11 K HRFQ.Q550-v, setting#covF , AcquisitiondagnrF, 900, 0

|/ L apa T bers A Y HKRFQ.Qs50-v, setting#covH, acquisitiondagni,22. 5

Yaren G000 e BR300 i XRFQLQ550-v, setting#covy, acguisitionsagnv, 56. 25

. s R MR MEE T VALLE s m x A ¥RFQ. QP70-v, Setting#coy , Acquisitiondaqn,1080.0
. — 1og agonono = . XRFQLQPEO-V, Setting#coy, acquisitiontagn,1856.25
Z A=-0.57312 B= 3.54000E-03 I A 16.962 B 0.76890 ®RFQ.QP90-v, setting#cov, acquisition#agn,1575.0

HRFG.0s100-v, setting#ccvF,, AcqguisitiondagnF,2070.0
¥RFQ. 05100-v, Setting#covH, Acquisition#agnH, 0.0
¥RFQ.05100-V, Setting#cowy, acquisitiond#agny, 0.0
¥RFQ.MOL10, setting#current ,acquisition#current, 91, 99
HRFQLMOLZ20, setting#current  acquisitiondcurrent , 112, o4
HRFQ.MOL30, setting#current  Acqguisition#current 111, 02
¥IHS.MQ30,Setting®fcurrent ,Acquisition#current,91.48
HIHS. M40, Setting#current ,acquisition#current,111. o4
HIHS. MOS0, setting#current ,Acqguisitiondcurrent ,83. 28
HIHS.MO60+80,setting#current , Acquisition#current ,178. 57
®IHS.MQ70,Setting#current ,Acquisition#current ,164. 05
HIHS.MQ%0, Setting#current ,acquisition#current,101. 49
¥IHS.MOL00, setting#current ,acquisition#current ,98. 26
HIHS.MOL10, setting#current  Acquisitiond#current ,57.8
HFGP.MOL0, setting®current ,Acqguisition#current, 79, 01
HFGP.MQ20, Setting#current ,Acquisition#current,75.46
OGP, MOL0, setting#current ,acquisition#currant ,162. 69
HOEP.MO20, setting#current Acquisitiondcurrent,158. 04
WGP MO0, setting#current ,Acquisition#current ,141. 86

60.000 Deg ¥ | 3000.00 keV £0.000 Deg ¥ | 3000.00 kev
213 S— _ ) -1
10.00 mm (Horiz) 50.0 Deg (Long.) -

Length= 23344.43am
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‘ Application for HIE ISOLDE

Gradient [T/m]

=
o

[

=

Magnetic Element: Calibration Curve
NC.RF: Fixed. Scaled with A/q

// SC.RF: routine that optimize the phase in each gap

o
,Bi\( Cavity

——— 3| Parameter

Qi 5

A—>\_ Calculator
20 40 60 curri:t[A] 100 120 140 160
AE = % Vo TTF (B;) cos(¢) +No Yes | @.Vess

10.00 nn {Horiz)

45.0 Deg (Long.)

| 3G 31400 1§ G4 G | O

—
%lﬂéh i ﬂ'ﬂfn'l-ﬂlw‘!li"!hﬂi 411331 Hﬁéghm o R ANt B A s

W

10.00 mm (Vert)

Length= 14888.00mn

19 12%4 9
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Application for HIE ISOLDE

@ Setting Generator: Generating SCRF setting from few beam input

l Cavity Specification

& Limit
mout Setting Generator.: .
o | o8 Coration cares 2>
Voltage
Distribution
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Summary and Conclusion

@® Beam Commissioning: Foreseen in June 2015, last for 3 months

@ HIE - ISOLDE Control System: Fully integrated with CERN system
> InCA
> DIAMON
> TIMBER

@ HIE - ISOLDE Application:

» Keep the same concept of the ISOLDE one. ISOLDE Application will need to
updated for the new devices

» Minimize the need of new application
» New Application have been developed and test have been performed at ISOLDE
» Debug will be done as much as possible before beam commissioning

@ Next task:

» Implement the setting generator
» Implement the T.O.F. application
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