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Le code Tl'ﬂQGWln,

boite d outils pour la conception
etl'optimisation
d'accéléerateurs de particules

Didier Uriot
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Une suite de codes dédiés aux accelerateurs linéaires

RFQ Drift Tube Linac Super-conducting

oS BV

lons

‘1] 1
PR

source

Transport codes:

Toutatis —

TraceWin
Beta

Generator codes:
RFQ Designer

— I

GenDTL S

GenLinWin

Visualization:
PlotWin
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Les moins

« Source fermées

- Distribué sous licence payante limitée dans le temps

- +100.000 lignes de code

« Mise a jour presque quotidiennes
« EqQuipe de développeur réduite

[ I -
TraceWin
Project Process Optimisation Options Charts  Help
ﬁf D B D:[Projets/Spiral2fError_studes_Fev_2009/short_Linac_deuton_40MeV.ini |
P LL e | Ao caleulation |
Main | Mutipartie | Matching | Output | Edt | Date | Chorts | Emors | 4
Input Beams Struture
[ ® Main beam ] [ Use file for Phase advance definition
\ 2
Linear phase advance per meter

Norm. rms emi. ( IT.mm.mead )

Les plus

Métre étalon dans la communauté
Nombreuses validations expérimentales
Mise a jour presque quotidiennes

Multi OS (Windows, Linux, Mac)

Stand-alone,
GUI

@ Uriot | GDR Appel 2023

Emit 30¢p |0.16459701
Emit y¥p [0.16466226

Emit 22p |0.27082149
Rms emittances ( IT.deg.MeV )

Emi PW|0.053709339

> [pewton ¥(=]

Current (mA) Kinetic Energy (MeV)
[s.40018 [1.4632964 ]
Nor of particle Bunch Freq. (MHz)
[1080 [ss.0525 ]
Outy cydle (%)
100

Mukiparticle file

( Import parmeters from file )

[[] Inverse focalising
[C] Set doublet with same gradient

Open or Create Data file

[ ort_Linac_deuton_somev.dst
[C] Non linear effects in gaps (Envelope)

[ Use aperture element (Envelope)

O Inchude errors defined h 1
in study Data N° :

[ Reinitiskise Random generator
Options

Calculation Directory
[0:rempjtemp1

Max memory (MOctets)
for Field Map alocation

Step of calcul per: © PA 20
O Meter

[200

[~ Error_studies_Fev_2009/input_ime. dst

W Twiss Parameters ‘ l

( Transient calculation options

&5 sendprogect

)

m | Freo meltSRTEA

e ———————————

B 1BeE0 v

ICREFWIN|EXES WisD

L

CREEWINEXERNWEL

Particle density distribution ( mm )

200

<l X=1070.04, Y=-6.52174, density=0

Envelopes [Run: 1]

BO&sS € IiBo-[0 s R

Tracewin - CEAJDSMIRFUSACM BOS i8eE0 s ¥

TraceWin - CEAJDSM/IRFUJSACH

8

Gradient ( T/m ) or Fieki(solenoid) (T )

s

f Phase spaces [Run: 1]

=

BOS € Ii@a-E10 - W

Ele: 0[0m] I=5.4
X(mm) - X{(mrad)

TraceWin - CEAJDSM/IRFUJSACM
X(men) - X(mrad)

et

Multiparticle Phase spaces [ D:/Projets/Spiral2/Error_studie... [z\lﬁﬂyg

BOLE I1B0-[D@m w
Ele: 0[0m]) NGOOD : 1080836 [ 10¢ TraceWin - CEAJDSM/IRFU/SACM
X(men) - Y(mm)

10

4
-

As [Run: 1]{Partran]

32-101 23

2(mm) - dpjp(%)

32 11
*(mm)

G

o
o
=4

=,
_

BDS 18-

TraceWin - CEAJDSM/IRFU/SACM o

~
o

=

8 8

T I AT

64202 46

Zmax =5.292 mm dpjpmax
=0.655 %

" démarrer € B T E & [

Linacs
&
o

8 8

IAREFRETE RRERI FRUTY FRNTE FRRTH AURN

-
o
1

0 e

-4

2 0 2
X pasition (mm)

Xw4,13345, Y=56.7823 Dots : 49

Ph...

Mu...
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Pourquoi TraceWin?

o Initialement dédié au accélérateur linéaire de haute intensité

o Objectif de productivité et d’'indépendance

o A partir d’'un cahier des charges, les attendues sont:
* Les types et positions des éléments constituant I'accélérateur,
* Les amplitudes des amplificateurs et alimentations,

Les phases des différents éléments accélérateurs (RF),

Les tolérances et précisions,

La stabilité du systeme,

Les schémas de correction,

Les probabilités de perte faisceau.

TraceWin permet de répondre a toutes ces questions de maniere progressive,
via des modeles de plus en plus complexe et proche de la réalité.
'ensemble des données est aisément visualisable et publiable

@ Uriot | GDR Appel 2023 11/04/2023



The main features and highlights are:

©)
©)
©)

O O 0O o o0 o O o0 O

O O O O O

@)

A wide range elements including RFQ with Toutatis module,
Own elements

1D, 2D, 3D static and dynamic fields map (with superposition
capability),

Envelope and macro-particle tracking simulations,
Start-to-end simulations from source to target,

Transport of two beams in the same structure,

Gas stripping and scattering analysis,

2D or 3D space-charge

Automatic transverse and longitudinal beam tuning,
Correction procedure based on diagnostics,

Static and dynamic error simulations for all elements,
Simulations with large number of particles for large scale
computations (Monte Carlo) based on a client/server
architecture,

Statistic analysis including beam loss location,

Tool to study RF transient,

GUI and various help tools,

Windows/Linux/MaCOS versions,

Reference code for ESS, IFMIF, LINAC4, SPIRAL2, MYRRHA,
SARAF, DONES...

Successful comparison with experiments,

Virtual accelerator.

@ Uriot | GDR Appel 2023

https://www.dacm-logiciels.fr/

=
3

@ subia R Bencans @ O Q CMetnlie @ Cet 8 Red Ruimr Q) ey ¥ e

+
Es DACM software for accelerator design and simulation
RFQ Drift Tube Linac Super-Conducting cavities
on & N HEBT
Transport codes:
Toutatis -
T Wi
Bet —
oces Forem r S
RFQ Designer —
1508 A Quete. GenDTL
GenlinWin
PlotWin

v » 0|8

https://dacm-codes.fr/forum/

CEA Codes forum
Forum Sedicated to beam dynamecs CEA Softwares




Linear and tracking simulations

TraceWin code combines the two most common transport techniques used in accelerators community:

* Transport of statistical properties of the beam: the beam is modeled by a (6x6) 0 matrix (Beam matrix) corresponding to its 2" order momentums

(dimensions and quadratic coupling means). The transport of this matrix can be carried out using the transfer matrices of the linear or linearized
elements. The space charge is linearized and calculation times are very short. (Matrix / Envelope transport)

* Transport of a sample of macro-particles: the representation is more accurate and the models used to describe the various elements of the structure are
analytic and/or numeric and often non-linear. The space-charge is treated by a PIC method (Particles In Cells) and the calculation time are mainly related

to the number of macro-particles used. Particle interactions between them and their environment such as residual gas, can be also included.
(Multiparticle / Tracking transport / Partran)

TraceWin - CEA/DRF/Irfu/SACM

| TraceWin - CEA/DRF/Irfu/SACH Ele: 575 [9.16911 m] NGOOD : 87363 / 100000
Ele: 575 [9.16911 m] I=100.0 mA X(mm) - X(mrad) Y(mm) - Y'(mrad)
X(mm) - X'(mrad) Y(mm) - Y'(mrad) N
: ] 40
10 10 7]
54 57 ]
0 0] 0
5 5 20
g - 0( (9 107 107 -40 ;
X X X X . ] 1
- AR R A e R mEmm
J)Cx - .15 -1 05 0 05 1 15 .15 -1 05 0 05 1 15
- a g 7/ g P(deg @352.21 MHz) - W(MeV) X(mm) - Y(mm)
0.001 59 1
x“x x“x ] 157 1 F' 67
] ] 0.14 [ ]
] 1 3 4
0.0005 ] 3 i E
1 0.5 0.05 -0l 2]
0 0 04 0
] 057 -0.05] 0ot -2
-0.0005 N ] -4 B
] E -0.14 E
0.001 Sttt _1'5_'|""|'*"|""|""|""|""|' e 00 -6 - -
-0.001 -0.0005 0  0.0005 0.001 .15 -1 05 0 05 1 15 -60 40 -20 0 20 40 60 6 4 -2 0 2 4 6
P0=0.000 deg Wo0=3.09601 MeV Xmax =1.065 mm Ymax =1.080 mm P0=2.462 deg Wo0=3.08201 Xmax =3.879 mm Ymax =4.018
MeV dW=4.11799 keV mm
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Linear and tracking simulations

TraceWin - CEA/DRF/Irfu/DACM

TraceWin - CEA/DRF/Irfu/SACM

.X (mm)

PGS A AR R AARK AR 8| -0

| ULUHJUUUUUUUUUUUUUUUUUUUUUUUUUL [ 1

@#*ﬂﬁﬁuﬁﬂ

| nﬂnnﬂnnﬂnnﬂnnﬂnnﬂnnﬂmﬂnnﬂmft

ISuSp aplued pazijewuc

® (deg @88.0525 MHz)

P05|t|on ( m)

= LCAJURI /I TUfDALIT

[_1

:
!
L
ISusp 9onled pazijew.c

Position (m)
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Linear and tracking simulations

l‘-lMUUUUUUUUUUUUUUUUUUUU[‘ESI\]:JJ[/EF/{W/SACM
Ad A AAAAARAA

_‘r""s.f* ‘f’gf‘v‘ i
nnﬂmﬂnnﬂnnﬂnnﬂnnﬂnnﬂmﬂmﬂmft

P05|t|on ( m)

TraceWin - CEA/DRF/Irfu/DACM

|
e
[

.X (mm)

ISuSp 8|3I1J2d pazijewuc

o s 1 15
Position (m)

ALV = WCAJURT JL TUfoRAuIM

[1

100

|
=
[y

R e R SRRy
T i R S O

emey, Back tracking _—
< Effets collectifs:

2D or 3D space-charge,
Gas stripping,

Gas scattering,
Magnetic stripping,
Intra-beam stripping,
Synchrotron radiation.
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Alpha magnet

Beam current

Beam rotation

Bending magnet

Bunched cavity or thin gap
Change frame

Circular or rectangular aperture
Containment channel

DTL cell

Diagnostics element

Drift

Edge angle on bending magnet
Electrostatic acceleration
Electrostatic bend
Electrostatic quadrupole
Field map

Funneling gap

Multi-gap cavity

Multipole filed map
Quadrupale

Quadrupole (special)

RFQ cel

Sinus cavity or CCL
Solenoid

Space charge compensation
Thin lens

Thin matrix

Thin steering

Develop its own element

Develop its own diagnostics

Y Y Y Y

Lattice commands and phase adv
Matching commands

RFQ commands

Errors

Change element parameters
Add or change variable

Adjust commands

Cavity tuning

Change Energy and Phase limit
Change beam parameter

(33s pressure

Magnetic or electric static field
Marker

PARTRAMN step calculation

Plot distribution

Read a multipartide DST file
Read a multipartide output file
Set Magnetic exctation curve
Set Magnetic exctation curve(2)

Shift transvers beam centroid

SRR R R R R R R

T

8
Matching element commands

Minimize beam emittance growth
Minimize beam envelope variation
Minimize field variation

Minimize phase variation

Set Twiss parameters

Set achromatic line

Set beam energy

Set beam energy and phase (relative)
Set beam phase advance

Set beam phase error

Set beam separation

Set beam size

Set beam size max

Set centroid position

Set synchronous phase

11/04/2023
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?@Eﬁg

Project Process Optimisaton Options Charts Help Exe

¥ L W | Auto calculation

V J B """" I/LHE/LHE _Direct/lhe_direct.in

Main Matching Multiparticle Output Edit Data Charts Errors

B »:& '/.; \9 ; X | ™ lhe_direct.dat

ADJUST 205 <—

QlD Fm.b MAP 0090 500 0 33 47.1000 Qpolegrand_Gmesure <
ADJUST 20’5

SUPERPOSE_MAP 300

Q2F: FIELD_MAP0090 500 0 33 -77 0 0 0 Qpolegrand_Gmesure gl
ADJUST 205 40-

SUPERPOSE_MAP 60

Q30 : FIELD_MAP 0090 500 0 33 43 0 0 0 Qpolegrand_Gmesure P
DRIFT 85 33

QUAD 80 0 35
DRIFT 140 33

DRIFT 144 33

REPEAT_ELEG6 1
DRIFT 122 35
DRIFT 69 35

SUPERPOSE_MAP 0
ADJUST 215
QF rmo MAP 0090 500 0 33 -61.3 0 0 0 Qpolegrand_Gmesure s

ADJUST 215 ‘-

QSD : FIELD_MAP 0090 500 0 33 20 0 0 0 Qpolegrand_Gmesure <
DRIFT 15 33

DRIFT 120 48
DCCT : DIAG_CURRENT(100) 20 100
DCCT2 : DIAG_CURRENT(100) 21 100

NDTIFET 100 SN

K?

\ ) Data /\@ Cal. resuits / \ Advo / \ Partran / \ Beta /

Uriot | GDR Appel 2023

%

Définition de la machine dans TraceWin:

Les éléments magnétique et cavités.
Les diagnostics
Les procédures ou scripts de réglage

cos(k As) w
R_ = x
—k_sin(k _As) cos(k As)

& Element 1 Transfer Matrix [Run: 1]

Transfer matrix

Select a M[i,j] term (Rows,Column)

F’]x:nt Mi:l

-1.8316567
-6.7034463
0.00036347647

0.00020765117

0
0

0.37302608

0.81923666

2.6998974e-05
-0.00019629016

0
0

-9.9379335e-07

-4.7444417e-06

1.7648443

-4.6517324

0
0

zZ

-3.1927487e-07

-1.5249964e-06

0.64092351

-1.1227079

0
0

m Copy matrix to dipboard

0
0

0
0

0.72886475
1
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P [N —c—)
e e | | Définition de la machine dans TraceWin:
P Ul & [Amaaiston | |* Leséléments magnétique et cavités.
@ B C: Projets/PHI/LHE LHE Drrect /e _drect.ini K2 e Les diagnostics 0.4

Mon | vatdg | itperce | ouput | et [pon | s (B (@ || | o Les procédures ou scripts de réglage
|,Q| 2] | \Q PR ﬂlwllhe_dnrect.dat

ADIUST 20 5 mm -
SUPERPOSE_MAP 0

Q1D : FIELD_MAP 0090 500 0 33 47.1 0 0 0 Qpolegrand_Gmesure «

ADIUST 205 )
SUPERPOSE_MAP 300 o\ T
Q2F: FIELD_MAP, 500033 -77 00 0 Qpolegrand_Gmesure g =<

ADIUST 20 5 &m

SUPERPOSE_MAP 600

Q3D : FIELD_MAP 0090 500 0 33 43 0 0 0 Qpolegrand_Gmesure s

TraceWin - CEA/DRF/Irfu/DACM

e
[
|

o

164.27 mm

'
o
N

DRIFT8533
. STEERER 84:27 ming |

QUAD80035

ORIET4033 7 u 100 i\ml/, T 157329 mnz -0.4
e R Fo 0.4 -0.2 0 0.2 0.4

- PO Dipole ficld map X (m)
REPEAT ELE6 1 TraceWin - CEA/DRF/Irfu/DACM
DRIFT 122 35 0.1
DRIFT 69 35

- Bz
- - BY
DIAG_DSIZE220000.1 - Bx
SUPERPOSE_MAP 0O

ADJUST 215
Q4 : FIELD_MAP 0090 500 0 33 -61.3 0 0 0 Qpolegrand_Gmesure « 0.05

ADVST 215 G 1D, 2D, 3D static and dynamic fields
QSD : FIELD_MAP 0090 500 0 33 20 0 0 0 Qpolegrand_Gmesure « . .. .
ik map (with superposition capability),
DRIFT 120 48

DCCT : DIAG_CURRENT(100) 20 100 :

DCCTZ : DIAF_CURRENT(IOO) 21100

noTET 100 <0
\JData/\@Cal.reslts/\Ade/\Partrm/\Beta/ 005

uriot

Magnetic Field Map (T)
o
|

-0.1 LA L UL I L L L B
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Z (m)
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Réglage de la machine
S i 44444444444444444444 TN

LU“LLPLU”U”LU”“U”

.................... T rﬂnrﬂnﬂnﬂnﬂnﬂn

Ll T |l L I |l Ll l

0 5 10

Position (m)

H
o O
|

20 _§ pmnr ............. . - o .. ﬁ
h't I Y ll'lﬁ"f'l_wt i L] qu J(IME i) Dima M /AR o

gl

o N v R —— S— 50 100 150 200 250 300
= : : : Step #
¢ |10 S—— e e aes s saaes e —

N
o O
L

N
S
|

P (deg @88.0525 MHz)

Ll Ll 1 Ll I 1 Ll l 1 l l 1 Ll Ll I Ll Ll
0 5 10 15 A
Position (m) N
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Inital DATA

Reference linac
(Without error)

) Diagnostics
Tuning scheme (Location, type, précision)

Set “static” errors

I

Linac matching using imperfect diagnostics
(Envelop simulations)

2

Linac matching using imperfect diagnostics
(Macro-particle simulations)

21

Set “dynamic” errors
y

: 2

Final simulation
(Envelop and tracking

@ Uriot | GDR Appel 2023

o Simulations with large number of particles for large scale
computations (Monte Carlo) based on a client/server
architecture,

o Statistic analysis including beam loss location,

Clq‘ud / Gri_!le LHC

Ordinateurs de bureau < s
Linux / Windows / Mac Cluster(s)
Multi-core ou non
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Etude statistique, EVEDA exemple

Simulation massive d’EVADA de la source a la cible (objectif: études du Halo & pertes), en incluant le

nombre réel de particules dans le bunch (4.7 10° particules),
'ensemble de la machine est représenté en cartes de champ 3D,
150 ceeurs, 25 jours, 38 téraoctets.

TraceWin - CEA/DSM/Irfu/SACM

1
1{a [
4011
7 —0.01
| =
20 S
3
! D
=
—_ 0 —0.0001 8.
£ .
> 3
- 7 3- 7\\J|\\\‘I\\\‘I\\\Il\\‘ll\\II\\II\
> : ok [ | Entries 4.784546e+09 —
-20 1 — 1e-06 2_ Oj Mean x 2375 "ﬁ:}%\\
(0] [ | Meany -7.651e-10 \\*\
- 5 L ~
' 28 _1_\" _ B
.l z e
[ 1e-08 B - S 453
7 \u‘} § -27 . i —
& L =
-60 s e
| = - — : =
e O ) O L L T o
D 10 15 20 29 : ]
Position ( m ) =

v b Py
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Etude statistique, MYRRHA exemple

40

20

X({(mm)
o

-20

R Particle density probability ( mm )

Simulation massive de MYRRHA (1000 x 2 10° particules)

TraceWin - CEA/DRF/Irfu/DACM

|-|nnnnnnnnnnnnn [1

' —0.01

diishoashaaby bl NN -
i A

50

40

30

20

T T T T
50 100 150 200 250
Position (m )

- 107
- 10®
- 105
- 10

- 102
- 102
- 10"

Position (m )
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= Aper.

@ (deg)

Confidence Level power losses ( W )

TraceWin - CEA/DRF/Irfu/DACM

AjIsusp a213ed paziew.oN

T T T T
50 100 150 200 250

Dncitinn { m \
TraceWin - CEA/DRF/Irfu/DACM

= 100% = 3e-008%

- 99,9999999%

= 99.999999%
99.99999%

= 99.9999%
99.999%

= 99.99%

- 99.9%

- 99%

- 90%

. b

L =
0 50 100 150 200 250

Position (m )
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Validation expérimental, IPHI (70 mA)

TraceWin - CEA/DRF/Irfu/SACM

W

—0.1

0.0001

Ajisusp sponted pazijew.op

lon source

Steerer/

Wire scanner +

RF Power camera

Faraday cu

V_Experimental ~——H_Experimental

——V/_Simulated =H_Simulated

RFQ 98 % 94 %
LHE 100 % 92 %
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Y (m)

Validation expérimental, IPHI (70 mA)

Simulations H* & H,*

waweWin - CEA/DSM/Irfu/SACM

Y (m)

Mesures

TraceWin - CEA/DSM/Irfu/SACM

Simulations et mesures a 40 mA
Des différences visibles mais explicables,
Le point d'injection du RFQ n’est pas optimal ( )

@ Uriot | GDR Appel 2023
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X (mm)

Validation expérimental, SPIRAL2

120%
R Largueur du bunch faisceau
100% — oo
simulation TRACEWIN |
- e FFC
°\° 2000 4  BEM .
— 80%
g ~#-H+ meas. 4.8mA
‘h == H+ Simulation —_ A
,2 60% || ==t==4He2+ meas. 1mA \3., b b 4
E ~—He simulation é /
2 —— 1806+ meas. 600pA 1000 - %
© 40% || =@~ 0 simulation /
= "N
j 500 ¢ ) p
20% / T ® . ¢
0 T T T T T T T
0% Z J 180 150 -120 -90 60 30 0
20 40 60 80 100 120 Pouncher ()
RFQ voltage(kV)
LME XX’ emittance for proton beam @ 5 mA
Trace\in - CEA/DSM/Irfu/SACM PlotWin - CEA/DSM/Irfu/SACM
Ele: 333 [9.31: . Emittance file: .
_ Simulated o Experimental 1
20 E 20 S —— [
10 - 101 !
f A i rl | g 0_: 1 0_: [
50 ‘ H‘ / \ M\ ;—u.x §T ] —0.4 ] L 0.4
ol i ‘M . = R = ;—0401 ‘E‘ -10_: -10_:
F h y -om % E 0.2 E 0.2
a1 ! / W \x/ W t g -20 -20
1 e ] = i T T T T T T T el
0 ; 10 s 20 -15 -0 5 0 5 10 15 20 20 -15 -10 -5 0 5 10 15 20 11/04/2023
Position ( m ) Xmax =17.132 mm X'max =22.898 mrad Xmax =9.588 mm X'max =14.096 mrad
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Validation expérimental, SPIRAL2

: . o " ‘ Towards experimental
TUE G ; halls
: : ' RF
Heavy-ion Deuteron Q LINAC b
K- X
ECR Source source '

TraceWin - CEA/DSM/Irfu/SACM

2l [ 1
50 =
_ —0.01 Q
3
F Q
_ ~y
—_— 8-
g 0 —0.0001 &)
g 2
g =
2 ] @
o I8
7] (D
Rl 1e-06 g
-50 — =4
: — 1e-08
T l T T T T T T T T T
0 10 20 30 40 50

Position ( m )
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Virtual
accelerator

Didier URIOT




* Concept

 Modes de fonctionnement:
e Autopilot
e Control tower
* Flight simulator

e PIP2-IT




VA Concept




SOME GENERALITIES ABOUT VA

A virtual Accelerator a simulation code connected with the control system of a real
machine.

Virtual: because from the viewpoint of the control system, the simulation code is seen as a
real machine.

Two different approaches to implement it:

* Integrate the simulation model into the control system (XAL @SNS, J-PARC...)
* Integrate a part of the control system into the simulation code (Trace3D)
Two different groups involved:

* Beam dynamics group

e Control system group
In the second approach Virtual Accelerator is proposed and developed as an independent

high level application and involving of control system group is not longer mandatory.

Requirements :
* Bi-directional connection / synchronization library between EPICS and code
* Very good predictive code

— Accurate machine model
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OPERATING MODES

Different operating modes have been identified
e Autopilot

e Control tower

* Flight simulator

Global control system IHM

Low level
Set a power supply
Read a beam current

4

Intermediate level
Insert a profiler to calculate
beam rms values

High level applications
Tune a beam size
Align the beam

Virtual
accelerator

| PAGE 25




LIMITATIONS

Duration of simulations:
Depending on the model used, the simulation of an accelerator is often not as fast as the
real machine.

* In envelope mode: a few seconds
* In tracking mode: depends on the number of particles and the model used to describe

the elements.
Today, it seems complicated to foresee the integration of RFQ in a virtual machine.

Predictability:
The higher the energy, the higher the quality of code predictability.

Safety:

“Autopilot” mode for replacing high level applications by simulation code, seem
ambitious for high power beam. Clearly, plug it into a MW machine is not for
tomorrow. It’s a huge challenge.
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FROM RESEARCH TO INDUSTRY

TRACEWIN CODE

L

TraceWin E . Envelopes [Run: 1

Project Process Optimisation Options Charts Help e o~

7 BD&S € 3@ oO- © snch. K2

‘¥ u E [D:4ProjetsispiralzjError_studies_Fev_2009jshort_Linac_deuton_40Mevini | K2

-~ TraceWin - CEA{DSM/IRFU{SACM

BO 18e[0

1[E
K2

¥ L e | Auto calculation | g TraceWin - CEA{DSMJIRFU{SACM
Main | Multiparticle | Matching | Output | Edit | Data ‘ Charts Errors 4 E 10 2] —
- =
Input Beams Struture ] ~—
—
[ #  Main beam ] [] use file For Phase advance definition ] T‘§ 15 -
\y S = o -
MNorm. rms emit. { IT .mm.mrad } - 8, T
g Linear phase advance per meter 1 -
Emit XXp | 0.16459701 i = 4 2 ]
Corbeil [] 1nverse focalising £ 0+ i
Corbeille i g ol
Emit Y¥p ? 16466226 [] sSet doublet with same gradient b i 5 A
Emit ZZp IU.27082149 8 A 4
a5 = ]
Rms emittances { IT.deg.Me¥ ) Open or Create Data file ] = s ]
Emit PW | 0.053709339 ...ort_Linac_deuton_40MeV.dat @ 1 .5
b=
[] Mon linear effects in gaps (Envelope) 10 g
«® |Deuton M [] use aperture element (Envelope) 3]
Include errors defined ' 15 1
in study Data N° :
Current (mA) Kinetic Energy {MeV)
[5 40418 ‘ [1 4632964 ‘ [] Reinitialise Random generator
Nbr of particle Bunch Freq. {MHz) Options
[ 1080 ‘ ‘33‘0525 Calculation Directory
Duty cycle (%)

Multiparticle File

[ Import parmeters From file

Ri{mm) - X'(mrad) Ri{mm) - X'(mrad)

‘ ...Error_studies_Fev_2009/input_lme.dst ‘

Transient calculation options

VisD.

L0 LU LA LAy L LR L L T[T

-3 -2-1 01 2 3 -3 -2 -1

TraceWin - CEADSMJIRFUISACM

CREEWINIEXE

B iBe@=e S

Z{mm) - dpfp{%) ®{rm)]
- P 2
] 1
] 0 -
—_ i EgE
E a0 255 T T T
~ = T TITTITT T ;(5 90 Dvm o586 S 10
é B 6 -4 20 2 4 6 3 2 -1 max =7. mm Ymax =6. mm
=] 30 — .292 mm dpfpmax Xmax =2.651 =
2 g St 2.71206, 1=0
& i
] e, 1 -0.689136, X' = -9,99055 1
= 50 4 e
2 = 7
GEONOVIIERCIRIPETE = B .|
3 ] 7
o 1 1e-06 —
=} i =
g = 10
& _
sl - 1e-08
o L I e
-2 u} 2
Element # X position (mm)
13345, ¥=56.7823 Dots : 49

X=1070.04, ¥=-6.52174, density=0 Dots : 1979

2l ORo Rwill <l
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TraceWin code + VA implementation

* 2 versions, nommeées TraceWinVA, ont été développées pour Windows et Linux,

* Tous les développements ont été effectués en langage C++,

* Les codes sont entierement autonomes et ne nécessitent pas l'installation de bibliotheques externes,
* Un ordinateur suffisamment puissant est obligatoire dans les salles de contrdle des accélérateurs.

GUI : (C++) + lib Qt5

Archi. Client < Server
Statistical study

Graphic interface

Exploitation of results :
* Plots

» Distributions

« Beam parameters

(C++) + Lib EPICSI l TraceWin core : (C++ & Fortran)

Accelerator description :
- Structure, elements list
- Diagnostics

- Errors

TraceWin — EPIC PVs

- Elements
- Diagnostics

Envelop

7
N

- Command PVs () Input beams

- Acquisition PVs
- Monitoring PVs

Tracking

Tuning scripts
Association : Elements < Diagnostics

] 1

Tuning processes
Optimization algorithms

SIMULATIONS

EPICS

l
®
®
@
o
o
<
@
c
c
©
£
(&)
Iz

| PAGE 28

(") PROCESS VARIABLE



Autopilot mode




“AUTOPILOT’ MODE

* Les parametres de simulation peuvent étre envoyés a
I'accélérateur réel,
* Les codes modernes ont la capacité de régler la

Control system Real accelerator
interface

database

machine simulée en tenant compte uniquement des
informations de diagnostic,
e Utiliser les fonctions automatiques du code pour régler
MACHINE directement la machine réelle,

* Dans ce mode, le systeme de contréle HIM de la
SMILATION CORE m machine peut étre remplacé par le code de simulation

. A
SRR * Le code utilise les mesures de diagnostic de la machine

réelle comme entrée de son algorithme pour contréler
I'équipement de la machine réelle,

* Le code doit avoir un acces en lecture et en écriture a la
base de données de la machine,

* Le programme de modélisation n'est pas nécessaire ici.

Visualizations

commissioning—> “Autopilot” mode was the priority, compensating high level tuning applications missing for IPHI and
Spiral2

Injectors successfully commissioned thank to this mode since more than decade

- SILHI @ Saclay / SACM - 2006

- LBE Spiral2 (light ions line) @ Saclay / SACM - 2012

- LBE Spiral2 (heavy ions line) @ Grenoble / LPSC - 2012

: _ _ | PAGE 30
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FROM RESEARCH TO INDUSTRY

Cea

TRACEWIN VA, LES DONNEES

& TraceWin

B

Project Process Optimisaton Options Charts Help Exe

v 13 Auto calculation

Main Matching Multiparticle Output Edit Data Charts Errors
B | ’Q‘ 2 \\ﬂ ‘ H ‘Xlﬂ N | lhe_direct.dat
ADIUST 20 5

SUPERPOSE MAP O
QID : FIELD_MAP 0090 500 0 33 47.10 0 0 Qpolegrand_Gmesure gfmmm

ADJUST 205 t

SUPERPOSE_M 300

Q2F: FIELD_MAP, 500 0 33 -77 0 0 0 Qpolegrand_Gmesure gl
ADJUST 20 5 4020

SUPERPOSE_MAP 600

Q3D : FIELD_MAP 0090 500 0 33 43 0 0 0 Qpolegrand_Gmesure <

DRIFT 8533

QUAD 80 0 35
DRIFT 140 33

DRIFT 144 33

REPEAT_ELEG 1
DRIFT 122 35
DRIFT 69 35

SUPERPOSE MAP O

ADJUST 215

Q4F : FIELD_MAP 0090 500 0 33 -61.3 0 0 0 Qpolegrand_Gmesure «
SUPERPOSE_MAP 300

ADJUST 215

QS0 : FIELD_MAP 0090 500 0 33 20 0 0 0 Qpolegrand_Gmesure «
DRIFT 15 33

DRIFT 120 48
DCCT : DIAG_CURRENT(100) 20 100 t
DCCT2: DIAG_CURRENT(100) 21 100

NDTET 100 SN

Epics

Définition de la machine dans TraceWin:

* Les éléments magnétique et cavités.
* Les diagnostics
* Les procédures ou scripts de réglage

\ J Data/\E]Cal. results / \ Adv0 / \ Partran / \ Beta /

L4

TraceWin < EPICS

Man | Epcsdata | Optons  Scanning

B LHE IPHI: IPHT

Title | LHE IPHI : IPHI Spiral2 '® IPHI
Bements Element v
Name Ok Match# PVMes PvCons Prec. Max. Mn. Time_cde (a/b) (20 / a1 fa2) Qo
QI 2 12 he:Qd1 he:QDlwons 10 23 0 1000  1/0 0/0.069685 / -2.375¢-005 Match2 12
QF 2 12 bheQF2 he:QF2kons 10 236 O 1000  1/0 0/0.069685/-2.375¢-005 PV mes he:QD1
Q® 2 1,2 he:QD3 he:QD3kons 10 236 0 1000 1/0 0/0.06968S/-2.375e005 PV cona he:QD14cons
QF 2 13 heQFs he:QFakons 10 236 0 1000  1/0 0/0.069685 / -2.375¢-005 T 5
Q0 2 13 he:QDs he:QDS«ons 10 236 0 1000 | 1/0 0/0.069685 / -2.375¢-005
Predision 10
Mn o
Max 2%

Time Cde (ms) | 1000

7 In order to configure Main page according to new Data Selected in Main page at the top

Initiakze and test EPICS dataf
Has to be done for each

Elapsed time : 3465 ms.

Adjusted Mes. = (a.Mes +b)
== Remove element | 4P Add element al1
Disgnostics blo
BfG = f(1) G(I) = (22.12 + a1.1 + 20)
Name Ok Match#  PVMes  Unit fo
occT 1,2 TIACCTIS/E mA
2 7 = 21/0.069685
occr2 R 1,3 TIACCTISAE mA
22 |-2.375e 05
16
14
123
£103
¥ .3
e
£ 63
&5
== Remove diagnostic | 4P Add diagnostic 43
24
Matching o3
b bk Rk ARAA |
Initiakze matching with selected elements and diagnostics Add Matching Procedure 0 S0 100 150 200

Epics data file (*.epics) ﬂoaen Bsave C:/Cpp/CodeBlocks/Opt_TransmisLigne_Projects/iphi_LHE.epics
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FROM RESEARCH TO INDUSTRY

Cceca TRACEWIN VA, LES DONNEES

& TEST_PROJECT — e

Main Devices Options

Title |'I'EI'_PROJECI’ | ® other (O Spiral2 (O IPHI
Type element MAGMETIC -
Elements
Name lqp2 |
Hame ok Type Match# PV Mes PV Cons Prec. Max. Match 45
] QF1 . fiEmete] 45  he:QDidmes Ihe:QDidcons 0.001 250 By mes [he:QD1-Imes |
|:| QF3 @ |[WEmetie| 45 he:QDlimes Ihe:QDilcons 0.001 250 oy Cons [he-QD 1-coms |
1 s B e |
il
|:| REB1 @ |CavField| —  IheREB1Emes lhe:RBE1Econs 0.01 1e+06 | |
Predis 0.001
]  ree1 @ [CavPhasel —  Ihe:REB1Emes lhe:RBELEcons 0.01 1e406 recsen
Min lo |
Max 250 |
Time Cde (ms) | 1000 |
Adjusted Mes, Mes = (a.PVmes +b)
alo | b[1 |
i ? BIIrG = f{I} G{I}=EJ-I':+E".I‘.+E;.I+EQ
Disgnostics 20 |0 2:|0.069685 |
Name Ok  Match# PUMes PV Smul  Unit %:|2.375e05  |ao |
O PROFIX 7 4 |heProfix mm
O PROF1Y 7 4 IheProfLy mm
O PROF2X 7 5 |heProf2x mm
E
[
L]
5
=
I
_I||||I||||I|||||||||||||||
0 50 100 150 200 250
- I(A
Remove % Add E> Relnitialize ® | PAGE 32



FROM RESEARCH TO INDUSTRY

cea TraceWinVA data base GUI

& TEST_PROJECT - X

Main  Devices  Options

& TraceWinVA - X Matching# |0 : TraceWin All - Optimization of selected elements
. 0 : TraceWin All
. oo . Liste of eler " . ® Owner
Project Process Optimisation Options Charts Help Exe 1 : Matching TraceWin
2 : Matching TraceWin N:5 ~ O simplex Start Stop
Current vames Step TR Lineare (slignment)
. eare (alignmen
¥ Ll L Autocalculation Consigne BorG Set Measure Element
= ) @ oF1|17.0000 |A |L1778 |T/m [0 0.5
W U E C:Usersfuriot/TraceWin/doc/examples/Virtual_accelerator.ini \? @ oF3(34.0000 |o (23418 |T/m [0 0.5
Maxinum step
Mai Matchi Multiparticl Output  Edit Data Charts E VA @) cozlsioom 4 352 [rin [$ 22 Criteri
ain atchin: ultiparticle u i a ar rrors riteria
9 Pa i @ reB1|63.0000 |v » 0 0.5
@) ReB1(85.0000 |deg %] [85.8500 |deg Current [0 | gest [0
Virtual Accelerator -
Liste of diagnostics
Current values Link to Best Clear chart
A Consigne  Weight Crit.  Measure Diag.
EPCIS Synchronization 10 -
Version: 3.16.0.1 @ ProF1x(3.4000 |[10.0000 || mm E
ﬁ @/ProF1v|3.6000 |[5.0000 || 10500 mm 5]
E P I c s Q @/proF2x|1.0000 10000 | 12000 mm 7
O No « Autopilot » 2 6]
o -
EPICS to TraceWin — Y 5
O Integrate time (s) Time repetition (s) Mes. time(s) 1.51574 © 4 -
(® TraceWin to EPICS ]
C.A. i
2
. C.A. speed 10.68 ms Don't stop Optimisation on Error [] Hide/View C.A. -
o= | Startconnection - - . . J 0]
[ | — and [or get lhe:Prof2.x (0) [TEST MODE] A L L L B L B L M
oc/s Devices setting get Ihe:RBE 1-Econs (0) [TEST MODE] 0 2 4 6 8 10
get lhe:QD1-Icons (0) [TEST MODE] Step £
get lhe:QD1-Icons (0) [TEST MODE]
x get lhe:Prof1.x (0) [TEST MODE]
Stop connection get Ihe:REB1-Emes (0) [TEST MODE] ; ; A ;
get lhe:QD 1-Imes (0) [TEST MODE] ~. T @ EPICS | 9%
@ | get lhe:QD1-Imes (0) [TEST MODE] QM G Ei_i e
Help get lhe:QD 1-Imes (0) [TEST MODE] R
get lhe:REB1-Emes (0) [TEST MODE] v rfu | 15.12] 541 471 |3.16.0.1/ ACNET

Use ACNET (Fermilab) to EPICS converter

het

Elapsed time : 12.00 s

No : means the code doesn'’t provide connection with the EPICS data base. A
EPICSto T Win: In this mode, any action on the control system of the machine affects . , i s x s L .
t the same tme on the real accelerator and on the virtual one, The virtual Accelerator i - TraceWin n’est donc utilisé ici que comme descriptif de la machine et
directly related to the adjustment of the real machine parameters and simulates it. This r .
sﬁr!wu\atxclm can br:—caL?tomeitL:r:arIF/ Stacrter_: a{ eaw:ra l:h;‘;gepolf ;wsettlmg Err bg;cme p‘encdwlw:a\\-;. v des procedures de reglages-
- Ses algorithmes de tuning sont aussi utilisés.
URIOT [ FreememolERD % - Application a la vrai machine 'ensemble des réglages testé en
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FIRST TEST, SILHI (2006)

e
{2 Envelopes [Run:3] =] JE3 ] Stop Font Ext About @ Help ) Upceic B Platwin

Tracswin - CEA/DSM/DAPHIA/SACM »u| ] @| ® Bea m injection th rough the

i Paameters | Options | Quiput| Data | Edt | Graphs | Eners | Hews | 1 1
— T cone have been optimized.
a0t e i e || Fhase advance [ deg)
9.6002¢3 Wea
j o =l * Beam parameters of RFQ
QD§ £ [25i785 ™ Linear phase adv per meter
e 1 s e, [PideaMe¥ | ,'Z e S i . . . h b I . d d
E ¢
£ e s Injection have been valigate
] g [Posiion  v] «| || Usepaicle fle parameters
i o * It’s planned to use VA to tune
404 Hbr of Patlicles Bunch Freq (MHz] Open o Create Data Fie
i o000 pem || [eRevemid ||
EEI Duyepele ) 100 . \lemtna\lgu:'\‘\:t:n directory J L E BT+ R F Q+ H E BT.
i %@l Beam parameters

0 05 1 15 2 Y 3 35 T sentpoim |
Position {m)
desz FFS 10,0014 dat Wwin2000 / uriot Free Mem: 60.0 %
S|E|® o jec|er|c|E|A B o ‘

N

£ Emit [Run:5 ol x|
Ele: 115 [254174 m] NGOOD : B5737 / 65737 raceWin - CEA/DSM /DAPNIA/SACM

K(mm) - ¥(mrad)

0

40

20

6 6

4 2 2
Xmax =4.483 mm Xmax =45.575 mrad

S|E|E -or o] (k1[5 G2 B = ||

Front view of th&beam at the output
of the RE@Injection cone

VA, 10 minutes, 90% Manually, 1 day, 80%
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SPIRLA2 LBE LIGHT IONS LINE @ SACLAY (2012)

- CEA/DSM/Irfu,
| TraceWin - CEA/DSM/Irfu/SACM
] P————

] X 8 8 4 9
- %, —
1 o, £
i <, o, © é
- e, ><
“|guse2er11
T T T T T T - T T
0 1 2 3 4 £ 6 7
X (m)
[ ___lon___| Proportion | Courant |
100 % 8.7 mA
81 % 7.0 mA
14 % 1.2mA

1.7%

>\'f eostions enmm EEE
N\ 1
AR

8 Successfully commissioned (2 years)
A * Tuning procedures defined in TraceWin validated.
 Beam entrance in RFQ measured at the exact RFQ
position and conform to predictions.
* Everything has been performed using “autopilot”
tools
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SPIRLA2 LBE HEAVY IONS LINE @ LPSC (2012)

TraceWin - CEAJDSM]IrfufSACM

100 H H

% (mm)

-100 H |J
1 T LI T T T T T T T T L B T T T T
5

100 W |7
. AVaV [/ A | A
] AWwAAY i AT
-100 \J }—‘
1 T T T T T L T T T T T T T T T T
5

¥ (mm)

0 1 2 3 6 7
Position {m)
Profil H Profil H
IO Xe
Xe
0 0 20 & 2 -60 -40 -20 D 20 40 60
Position fil (mm) Position fil (mm)

Successfully commissioned
The separation power of the optical system has been validated | PAGE 36




FIRST STEP OF “AUTOPILOT’ MODE

GUI : (C++) + lib Qt4

Graphic interface l @‘

(C++) + Lib EPICSI ‘ TraceWin core : (C++ & Fortran)

TraceWin — EPIC PVs
- Elements
- Diagnostics

- Command PVs

- Acquisition PVs
- Monitoring PVs

EPICS

~oa

Tuning processes
Optimization algorithms

ﬁ Channel Access
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Control tower mode




“CONTROL TOWER”

* Une action sur le systeme de commande de la
machine agit en méme temps sur l'accélérateur

réel et sur l'accélérateur virtuel.

Control system interface

SIMULATION CODE

Real machine * Synchronisation automatique ou périodique

Tuning equipment database

Algorithms

* La machine est sous la surveillance constante
de la machine virtuelle. Elle est surveillée par le
MACHINE code de simulation

Visualisations

Diagnostics d'un acces en lecture a la base de données de
I'accélérateur.

2 * Le code de l'accélérateur virtuel n'a besoin que

2017- 2018 developments
- First test on IPHI injectors - 2018
- SPIRAL2 en 2019
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“CONTROL TOWER” MODE TEST

Control Tower mode has be integrated at the end of 2017.

So, all PVs are monitored and synchronized with the VA,

When during operation of the real accelerator an element setting is changed in
the control system, the simulation is automatically redone and the output charts
are refreshed in the same time.

* In this way, an operator can continuously view the state of the beam and its main
parameters,

e A comparison with measurements from diagnostics can thus allow a deep monitoring
of the accelerator behavior,

e Asignificant discrepancy must alert the operator that something is wrong.
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cea “CONTROL TOWER” MODE TEST

| PAGE 41




“FLIGTH SIMULATOR” MODE

e L'action sur le contréle commande est appliquée soit a
h rd rd . . \ 4 7 4
C?,ieia:”t I'accélérateur virtuel, soit a l'accélérateur réel.
« Il existe en fait deux machines distinctes

Control system interface I'accélérateur réel et son simulateur ou VA.

* Cela implique 2 bases de données indépendantes ou
une seule base de données contenant des champs
séparés représentant les états et les valeurs des

Virtual accelerator Real accelerator - — 3 , ;
database database dispositifs des machines réelles et virtuelles.
* Le systeme de controle HIM doit permettre de passer
facilement et en toute sécurité d'une base de données
a l'autre.
* éventuellement de copier une base de données sur
SIMULATION CODE MACHINE I'autre

Tuning * Le code de simulation n'a besoin que d'un accés en

lecture a la base de données virtuelle
* Doit étre pensé au moment du développement du
systeme de controle commande.

Algorithms

Visualizations

Implémenté dans TraceWinVA uniquement pour les diagnostics ou 2 champs
différents selon la machine sont prévus.
Intérét: tester les procédures de réglages haut niveau du CC sur la machine virtuelle
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TraceWin implementation




TraceWinVA main GUI

& TraceWinVA — X
Project Process Optimisation Options Charts Help Exe
¥ L L | Auto calculation
V J B C: Users/uriot/TraceWin/doc/examples/Virtual_accelerator.ini \?
Main Matching Multiparticle Output Edit Data Charts Errors VA
Virtual Accelerator
EPCIS Synchronization
Version: 3.16.0.1
EPICS
(O EPICS to TraceWin
(® TraceWin to EPICS
o= | Start connection
0| and/or
o Devices setting
x Stop connection
& Hep
v Use ACNET (Fermilab) to EPICS converter
No : means the code doesn't provide connection with the EPICS A

EPICS to TraceWin
at the same time on t
d to the

simulation can be automatically started at eac

URIOT

No : means the code doesn’t provide connection with
the EPICS data base,

EPICS to TraceWin corresponds to the “Control tower”
& “Flight simulator” modes

TraceWin to EPICS corresponds “Auto-pilot” mode.

When a connected mode is selected a button
“Stop connection” allows to break this link to
come back to an usual standalone simulation
code.

Button “Epics Elements” provides the tools
allowing to visualize and initialize the common
elements defined in TraceWinVA code and in
EPICS data base.

Use ACNET : ACNET to EPICS converter developed for
PIP2-IT
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TraceWinVA main GUI

No : means the code doesn’t provide connection with
the EPICS data base,

EPICS to TraceWin corresponds to the “Control tower”
& “Flight simulator” modes

TraceWin to EPICS corresponds “Auto-pilot” mode.

& TraceWinVA - X
Project Process Optimisation Options Charts Help Exe
¥ L L | Auto calculation
V J B C:Users/uriot/TraceWin/doc/examples/Virtual_accelerator.ini \?
Main Matching Multiparticle Output Edit Data Charts Errors VA
Virtual Accelerator
EPCIS Syr

Version: 3.16.0.1 ’ & Virtual accelerator

EPICS

Are you sure ?
Your machine will be controled par TraceWin code

Please confirm (yes/no)

node is selected a button
lows to break this link to
;ual standalone simulation

X

ents” provides the tools

Yes No e eie 1.
and initialize the common

het

No : means the code doesn't provide connection with the EPICS data base.

EPICS to TraceWin: In this mode, any action on the cont
at the same time on the real accelerator and on the virtua he virtual Accelerator is
directly related to the adjustment of the real machine para and simulates it. This
simulation can be automatically started at each change of a setting or be done periodically.

tem of the machine affects

v

URIOT

<]

elements defined in TraceWinVA code and in
EPICS data base.

Use ACNET : ACNET to EPICS converter developed for

PIP2-IT
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Merci de votre attention
Remarques ou commentaires ?

Commissariat d I'énergie atomique et aux énergies alternatives
Centre de Saclay | 91191 Gif-sur-Yvette Cedex

T.+33 (0)169 08 82 64 |
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