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SIRIUS — 4GSR in Operation

SIRIUS design parameters

Energy 3.0 GeV
Circumference 5184 m
Emittance 250 pm.rad

Current (top-up) 350 mA

UVX, 2"d generation light
source (1997-2019)

Brazilian Center for Research in
Energy and Materials (CNPEM)
* Green-field facility
* Construction: 2012 — 2020
e Cost: USS 500M (~85% spent in Brazil)
e 1stregular users call: Nov. 2022
* 10 beamlines in operation Campinas
. . . Brazil
* 100 mA in top-mode mode, uniform fill

* Phase-1 (end of 2024): 14 beamlines



Short history of python usage for SIRIUS

In UVX = AT and MML (no python);
2011-2012: SIRIUS project = large simulations (DA and MA) = AT + Tracy3;
2013: trackcpp + (pyaccel and pymodels) = first SIRIUS models in python;

2014:
v expansion of pyaccel = python for automated update of wiki SIRIUS parameters;

v’ trackcpp substitutes Tracy3 = incentive for python usage = DA and MA analysis migrated to
python;

v’ pyjobs: python server to distribute and manage SIRIUS simulations on PCs of CNPEM campus;
2015: virtual accelerator (VACA) -2 first contact with pcaspy and pyepics = siriuspy is created;
2016: good experience with pcaspy =2 all soft IOCs + PS 10Cs in python = machine-applications creation;

2017: CS-Studio very disappointing = discovery of PyDM from SLAC - all control GUIs in python;
https://github.com/paulscherrerinstitute/pcaspy https://github.com/slaclab/pydm



https://github.com/slaclab/pydm
https://github.com/paulscherrerinstitute/pcaspy

Overview of SIRIUS Software
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Python code development strategy

* Principles:
o Reuse existing code whenever possible;
o Implement code as library instead of script;
o Follow the coding style guidelines (documentation still not
complete and logging still not standardized);

New simulation,
experiment or
control process

Create a class or

function in pyaccel

N

Create module or
subpackage in

Particular
for
SIRIUS?

Create a script or
notebook using
existing library

GUI Create GUIl in
needed? siriushlafac

apsuite

Simulation

Create GUIl in
Experiment siriushla

When script is mature What
enough, transform it type of
in a library script?

Create soft 10C
in machine
applications

Control Create module

or subpackage
in siriuspy

Coding principles are
enforced here, via pull
request analysis on github.




Packages statistics

* All repositories are available at Github;

* Most of the code was developed over the last 10 years by 4 or 5 people, on average;

* Recently (last two years), developers' community inside LNLS has grown with the creation of a software group;
* Periodic deploy (~ 1 per month) in control room PCs with ansible;

IOCs run in docker containers in dedicated workstations. Deploy whenever needed;

siriuspy https://github.com/Inls-sirius/dev-packages 2.89.0 1062 9027 166934
siriushla https://github.com/Inls-sirius/hla 1.1.0 674 4770 535 351650
machine-applications  https://github.com/Inls-sirius/machine-applications  3.48.0 285 2089 339 34831
apsuite https://github.com/Inls-fac/apsuite 2.51.0 271 1872 96 29853
pyaccel https://github.com/Inls-fac/pyaccel 3.18.1 93 613 43 14258
pymodels https://github.com/Inls-fac/pymodels 1.18.1 84 661 43 8879

trackcpp https://github.com/Inls-fac/trackcpp 4.10.4 48 323 67 39593
mathphys https://github.com/Inls-fac/mathphys 2.9.0 26 233 25 7775

siriushlafac https://github.com/Inls-fac/hlafac 0.10.1 22 336 17 1713



https://github.com/lnls-sirius/dev-packages
https://github.com/lnls-sirius/hla
https://github.com/lnls-sirius/machine-applications
https://github.com/lnls-fac/apsuite
https://github.com/lnls-fac/pyaccel
https://github.com/lnls-fac/pymodels
https://github.com/lnls-fac/trackcpp
https://github.com/lnls-fac/mathphys
https://github.com/lnls-fac/hlafac

High-level control



SiriusPVName

Structure of siriuspy

clientconfigdb

pvn = SiriusPVName|

51-B1C1:P5-CH-1:Current-5F

Library that transforms EPICS PV names into S (pvn,

objects with properties that allow identification of the

meaning of that PV, according to the naming AU
system defined for SIRIUS. field dis substitute

idx propty_name propty_suffix
from_rb2sp from_sp2rb get_nickname

sub device name is_sp_pv
area_name prefix Sec

channel_type is_cmd_pv device_propty
propty is_standard is_write_pw

00
00
o]

m < Area name >
178 pvn.sub
%[ ] < Device name > "@1C1"
>

< Record name

: pvn.device_name
m < e Vanable — > h I ] E'I.ll_-l . FH: ) [_H ) 1 |

Element ‘Deﬂwmﬁon Characters ‘ pvn.substitute(propty_suffix="RE")
. sec Section *ST-@1C1:PS-CH-1:Current-RB"
[ 1-6
Sub Subsection . )
pwn.is_standazrd()
Discipline is the branch of knowledge indicating the context in which a device is used 1-6 True
Ll bS fO r SpeC|f| C Generic Device type. Two devices of the same generic device type provide the same function 1-12
control routines The instance index is used to distinguish instances of devices of the same type in the same 0—6 pv2 = S1riusPVName(
subsection and discipline. o = ] =
property | Signal Property, e.g. Current, time or temperature. 1-15
[ )
] FIELD The field is predefined for the EPICS record type. Example: value (VAL), units (EGU), alarmlimits . ey
° (HIGH, LOW etc). pv2.is_standazd()

False



115 PVvData, Time, PVDataSet, ClientArchiver

Stru Ctu re of Siriuspy 116 clt = ClientArchiver()

117 print_dir(clt)

DEFAULT_TIMEOUT ENDPOINT SERVER_URL
siriuspy __xe(° connected deletePVs getAllPVs

getData getPVDetails getPVsInfo

) ) . getPausedPVsReport getRecentlyModifiedPVs login
Cllentconflgdb ?’Q logout pausePVs TenamePV
X resumePVs server_url session
timeout

118 pv = PVData( '5I-Glob:AP-CurrInfo:Current-Mon'}
Library for interaction with 119]: pv.time_start = Time( ., 5, 6, 0, 18, )
web server that provides tables
of control system constants,
such as:
° Magnet excitation curves 1221 pv.value.shape, pv.timestamp.shape

) ((149915,), (149915, ))

* Magnet cycllng parameters
* Mapping of equipment Pset = PSEESEL(L et e

connections and positions SI-Fam:PS-B1B2-2:Current-Mon
1)

128 pv.time_stop = pv.time_start +

121 pv.update()
Nnamesys

devices

pvset.time_start = Time(

Libs for specific
control routines

pvset.time_stop = pvset.time_start +

pvset.update|()

Abstraction layer over pyepics

pvset[2].value.shape, pvset[l].value.shape
((87799,), (B7268,))




Structure of siriuspy

ConfigDBClient

clt = ConfigDBClient()

] . print_dir(clt)
check_valid_configname check_walid_wvalue
. . . . compare_configs config_type
lerary for interaction with web e conv_timestamp_flt_2_txt
server that provides access and iyl delete_config
ind_configs get_conftig_1info
Contr‘ol Of I\/Iongo database Where get_config_types get_config_types_from_templates
. . . . get_config_wvalue get_dbsize
machine conflguratlon flleS are get_nrconfigs get_wvalue_from_template
saved. insert_config rename_config
retrieve_config url

Examples of configuration types:
- PVs defining machine state
. . ; np.array(mat).shape

- orbit response matrices (320, 281)
- orbits and trajectories of interest
- ID feedforward tables
_ 4 reforb. keys()

booster ramp parameters dict keys(['x', 'y'1)

mat = clt.get_config_value(' 'ref_respmat',config_type="si_orbcorr_respm')

reforb = clt.get_config_wvalue( ' ref_orb’, config_type="si_orbit")

Libs for specific
Contro| routines ; ref_conf = clt.get_config_value( ref_config’, config_type="global

(ref_conf[ 'pvs'])

2374




248 Device, Trigger, PowerSupply, SOFB

249 print_dir(Device)

Structure of siriuspy

Interacts with a set of EPICS PVs from the [2lEEES properties_in_use pv_object

values properties_all disconnected_pwvnames

siriuspy same device or set of devices and group eIt properties_added CONNECTION_TIMEOUT

: H H HPR connected devname wait_for_connection
them In 4 Slngle python ObJeCt (Slmllar to GET_TIMEOUT pv_attribute_values simulators

clientconfigdb

Ophyd and class Device from pyepiCS), auto_monitor_status  PROPERTY_SEP update

. DeviceSet, FamBPMs 267]: trig = Trigger( ' SI-@15A:TI-InjNLKckr')

clientarch g 99 :

fambpm = FamBFMs(FamBFMs . DEVICES.SI, props2init="zcg’) 268 (trig, Device)
True

Cllentweb (fambpm, DewiceSet)

True 269] . print_dir(trig)
STATES status_str cmd_lock_low_lewvel
285]: print_dir(fambpm) status controlled_channels  lock_low_level
REFEATT_MAX PROPERTIES_ACQ cmd_enable status_labels cmd_unlock_low_level
namesys TIMEQUT wait_update_mturn_signals source_options total_delay_taw duration
get_switching_freguency reset_mturn_flags souTCe nr_pulses polarity_str
get_sampling_frequency mturn_signals2acqg polarity delay delay_raw
wait_update_mturn_flags wait_acquisition_start state_str POLARITIES lock_low_level str
bpm_names csbpm width_raw LOCKLL total_delay
set_attenuation calc_positions_from_amplitudes Bis in_inj_table delta_delay ctate
DEVICES ALL_MTURN_SIGNALSZACQ low_level triggers cmd_disable source_str
get_slow_orbit set_switching_mode delta_delay_raw
devices wait_acquisition_finish
. e wait_update_mturn get_mturn_timestamps 278 trig.delay
L|b5 for SpeC|f|C config_mturn_acquisition update_mturn_initial_ timestamps 294619 .6935363579
ContrOI rOUtineS cmd_abort_mtl:lrr:l_.?cquisition bpms .
reset_mturn_initial_ state get_mturn_signals trig['Delay-RE']
update_mturn_initial_signals cmd_start_mturn_acquisition 204619 . 6935363579
walit_update_mturn_timestamps
trig.delay_xaw

286] : fambpm([©] 36802975.0
<siriuspy.devices. bpm.BPM at Bx7fc356489790>




Structure of siriuspy

siriuspy

clientconfigdb

clientarch

clientweb

Nnamesys

Libs for specific
control routines

287

Interacts with a set of EPICS PVs from the
same device or set of devices and group
them in a single python object (similar to
ophyd and class Device from pyepics).

288 print_dir(devices, tsiz=

ID
FOFBCtrlSysId
WIG

FOFBCtrlRef
Energy
BORFRampStandbyHandler
orbit_interlock
ICBase

EGun

idff
FamFOFBControllers
LILLRF
FOFBCtrlDCC
BaselOrbitIntlk
BLM
PowerSupplyFC
ICT

FamBEFMs

EGHVPS

BPMDCC

bpm_fam

SIRFACAmMp
TuneCorr
afc_acg_core
P5CorrS0FE
FamFastCorrs
ScraperV
EGFilament
LinacStandbyHandler
Trigger
FPowerSupplyFBP
CurrInfolinear
TuneFrac
DVFImgProc
TranspEff
BORF3I@aVDCAmMp
DVF

ASLLRF

FAPU
PSApplySOFB
BPMOrbitIntlk
CurrInfoAS

248

Device, Trigger, PowerSupply,

249 print_dir(Device)

hosts

pvnames

values
set_auto_monitor
connected
GET_TIMEOUT
auto_monitor_status

BLInterlockCtrl
DevicesSync
DeviceSet
StrengthConv
PSProperty
EqualizeBPMs
PowerSupplyPU
DELTA

Device

EPU

fofb_acqg

DCCT
BORFCavMonitor
InjSysPUModeHandler
AFCPhysicalTrigger
OrbitInterlock
PUMagsStandbyHandler
FPowerSupply
BORFDCAmMp
ASMPSCtrl

LIEnergy

pv_ctrlvars
properties_in_use
properties_all
properties_added
devname
pv_attribute_values
PROPERTY_SEP

FamFOFBLamp
FOFBPSLamp
CurrInfoSI
InjSysStandbyHandler
Tune

EVG

RFGen

SIRFDCAmMp
AFCACQLogicalTrigger
ASPPSCtrl

bpm_eq

HLTiming

PosAng

SILLRFPreAmp

InjCtrl

SOFB
CurrInfoTranspEff
EGBias

TuneProc
BOPSRampStandbyHandler
Event

PROPERTIES_DEFAULT
pv_object
disconnected_pwvnames
CONNECTION_TIMEOQUT
wait_for_connection
simulators

update

BunchbyBunch
BPFM

LIModltr
DevLILLRF
MachShift
RFKillBeam
EGPulsePs
FOFBCtrlLamp
APU

fofb

Screen
FOFBEPSSysId
EGTriggerP5s
SIRFCavMonitor
BOLLRFPreAmp
FamFOFBSysId
RFCawv

HLFOFB
ScraperH
IDFF
CurrInfoB0O

S0OFB




Examples of high-level control tasks



Common Tasks Performed by Soft 10Cs

* Distributed systems architecture abstraction and orchestration: timing, FOFB, orbit interlock;

SI-Fam:TI-BPM: HL Trigger Detailed

Open LL Triggers

[
=
!

IA-01RaBPM:TI-AMC
= Norms ~|
IA-02RaBPM: TI-AMC -

[
=
Le

[
=
L

Recein =/

[
=
Le

IA-04RaBPM: TI-AMC

[
=
Le

IA-06R&aBPM: TI-AMC

Lo

1A-07RaBPM: TI-AMC

294622398 |+ 36803324 5

1A-08RaBPM: TI-AMC

Le
QRO RO

IA-05RaBPM: TI-AMC

2




Common Tasks Performed by Soft 10Cs

* Distributed systems architecture abstraction and orchestration: timing, FOFB, orbit interlock;

=) sl - FOFB G B 23

2024/06/18-15:12:33 Received reset FOFB cd

2024/06/18-15:12:33 Reseting FOFE loop...

2024/06/18-15:12:33 Disabling packet loss d¢ Horizontal
2024/06/18-15:12:33 ...done!
2024/06/18-15:12:33 Sending reset to FOFB
2024/06/18-15:12:33 ...done!
2024/06/18-15:12:33 Met synced, continuing
2024/06/18-15:12:33 Reconfiguring packet lo
2024/06/18-15:12:33 Setting MinBPMCntEnbl
2024/06/18-15:12:33 ...done!
2024/06/18-15:13:17 Setting New RefOrbX...
2024/06/18-15:13:17 ...done!
2024/06/18-15:13:17 Setting New RefOrbY ...
2024/06/18-15:13:17 ...done! 01200 %]
2024/06/18-15:13:24 Setting New RespMat...

2024/06/18-15:13:25 Calculating Inverse Mat 01660 |3
2024/06/18-15:13:25 Calculating corrector co
2024/06/18-15:13:25 and FOFB pre-accumul
2024/06/18-15:13:25 ...done!
2024/06/18-15:13:25 ...done! =
2024/06/18-15:13:25 Ok! 4 . h-

Vertical

Kick (urad)

w -

Kick (prad)

Clear Log Position (m)




Common Tasks Performed by Soft 10Cs

* Distributed systems architecture abstraction and orchestration: timing, FOFB, orbit interlock;
* Conversion from hardware to physics units: power supplies, pulsed magnets, etc;

* Subsystems diagnostics: power supplies, RF, pulsed power supplies, LINAC devices, etc.;

* Calculation of lifetime, integrated stored current, injected current, etc.;

| SI Tune Correction

* Slow orbit correction and orbit response matrix measurement;
* Injection trajectory (TbT) analysis and correction;
e (Calculation of injection efficiency between accelerators;

Update Reference

* Correction of position and angle of injected beam; 5.000000 8

* Tune and chromaticity correction,; S.o0ccce B
°  Apply |
0020 <

AS Pulsed Magnets Control Window 0020 |3
Tooo =

InjBO

Detail PwrState Pulse Interlocks Reset Voltage-SP Voltage-Mon Kick-SP Kick-Mon

so-owopudnikekr| il @ L. @ (@) [ Llli‘lm i|| 1920.5 Volt |__|'22-°Zi| -22.153 mrad a

(Tsosrunsert | [l | @ L) @ (@) = |_I585-°l :.| 587.3 Volt |_'I442-8I78 :.| 444,648 mrad

A Storage Ring Dipoles Power Supplies

Proportic ~|

|~ =~ EEEE | 298971 |3

e o~ B Coeen -

(3L 1=




Common Tasks Performed by GUIs

* Booster ramp configurations management and tuning;

Booster Energy Ramping |2 = @&
Booster Ramp Configuration Ramping Parameters Optics Adjustments Settings  Open...

Booster Energy Ramping

Ramping Parameters: bo_ramp_flop

Dipole Ramp RF Ramp Multipoles Ramp Status  PS RF TI
| | | I Connection & @ @
1000 i ‘, [ i | 80
; 800 1 Interlocks & @ @
_. 800 ! ! ! [ = . . _
< 1 i i 2 600 60 < BasicSetup @ @ @
2 600 A i ] i = / = 8 ‘ ' )
o J /J I a L 208 é Config Applied & @ @
=] 4 4 3
3 400 é i | > 400 / | g
200 1 | i i 20, |
: : 200 i
l] l T l] T T T T T 1 T T T T
0 100 200 300 400 0 100 200 300 400 ‘ 0 100 200 300 400
t [ms] t [ms] t [ms]
= : = < -— 0 -— :
AE>I PQE B emnym107 AE> Q=2 B AeE> PQ=~ B
RmpuU1l RmpuU2 RmpD RmpU RmpD V! Show ®s i
3.324 [GeV/s] 3.324 [GeV/s] -7.888 [GeV/s] 2847.556 [kv/s] -19538.505 [kV/s] W [ IT —_— Control events:
o
PS delay [ms]: | 0.00000C|* | # points: fams: | 3920 |3 corrs: | 980 |+ RF delay [ms]: | 0.00000C|* Label T [ms] E[Gevl dexFam/Cor InjBo
0.000 0 Start 0.000 115.2010...{106.000  |0.0300 2 | 0.1393GeV|14.250 0.1393 114/28 Study |None ~
RampUp1-Start |10.000 80 RampUp-Start ~ |15.000 115.2010...|106.000  |0.1468 3 |Injection  [14.251 0.1393 114 /29
Injection 14251 114 RampUp-Stop 289.460 896.7420...|/110.000 2.8621 4 | 0.1692GeV|17.250 0.1692 138 /34
RampUp2-Start |132.200 1058 RampDown-Start[314.440  |896.7420...[110.000 |3.0777 s | 0.2970Gev|30.000 0.2970 240/ 60
Ejection 294,620 2357 RampDown-Stop [354.440  |115.2010...[106.000  [2.9539 e 0.4397Gev|44.250 Ao 354/ 88
RampDown-Start | 340.000 2720
7 | 0.7248GeV|72.700 0.7248 582 /145
RampDown-Stop (470.500 3764
8 | 1.5401GeV|154.250 1.5401 1234 /308
Stop 490.000 3920
= 9 | 1.9943GeV|200.000 1.9943 1600 / 400
Interva /
RampUp 60.000 B 10 | 2.8748GeV|290.850 2.8748 2327 /582 Prepare magnets
RampDown 50.000 i 11 | 2.9048GeV[294.150 2.9048 2353/588 |~ PER BB
> > > »

Show Connections... siriushla version: 1.2.0




Common Tasks Performed by GUIs

* Booster ramp configurations management and tuning;

Booster Energy Ramping

Booster Ramp Configuration Ramping Parameters Optics Adjustments Settings Open...

Booster Energy Ramping

Ramping Parameters: bo_ramp_flop

Dipole Ramp

Multipoles Ramp

Status PS RF TI

Connection & & @
1000
800 8o 21 Interlocks @ @ @
_ 800 A . - -
< z 600 L 60 < BasicSetup & @ @
= i = . o _
£ 600 = = c 0 Config Applied @ @ @
g v el 40 &' g
3 400 . =400 i 3
! Edit Normalized Configuration Log i -2 A
200 1 Options ]
0 100 0.1393GeV 0 100 200 300 400
T=14.25ms t[ms]
N — — [
a€d> $Q orbit 240.y=20.9 AE> Q=X »
Bei A BO-Fam:PS-B-1: 0.13928253155247702 SR 7 Show o8 contral evert
3.324 [GeV/s a ————— ——— ontrol events:
BO-Fam:PS-B-2: 0.13928253155247702 Correct H 0.0 <% || [ + - y
Inac
PS delay [ms]: |0.00000c| | BO-Fam:PS-QD: 0005288 21 SRS 0o ~| % Label T [ms] ElGevl ndexFam/Cor EE
a Update reference
T [FEEms TI BO-Fam:PS-QF: | 0375768 = P _ 1 | 0.0338GeV|2.000 0.0338 16/4 Injs!
Start 0.000 BO-Fam:PS-SD: | 0227300 = | Tune 0 0.0300 7 0.1393GeV 0.1393 114 /28 Study None -
RampUpl-Start |10.000 BO-Fam:PS.SE: | 1257455 -l Avx | 0,000000 |2 Avy | 0.000000 [3|| )0 |0.1468 3 |Injection  |14.251 0.1393 114/29
Injection 14.251 0 |2.8621
] B0-02D:P5.9S: | 0.000000 -1 AKL [1/m] 4 |0.1692GeV|17.250 0.1692 138 / 34
RampUp2-Start |132.20 QF: QD: 0 |[3.0777 0.2970Gev|30.000 02970 240/ 60
" o469 BO-01U:PS-CH: | 580.064258 =N} T T 7 |2sszg > : : : !
jection : = 2 : 6 |0.4397GeV|44.250 0.4397 354 /88
RampDown-Start | 340.00 BO-03U:PS-CH: |-325.264287 = N}
= Chromaticity 7 | 0.7248GeV|72.700 0.7248 582 /145
RampDown-Stop |470.50 BO-05U:PS-CH: |-533.326077 =N}
P P B¢ 2.308020 < By 12348243 |3 8 | 1.5401GeV|154.250 1.5401 1234 /308
Stop 450.00 BO-07U:PS-CH: | 132924280 = ASL [1/m?]
E——— - (i) 9 |1.9943GeV|200.000 19943 1600 / 400
Mootning Areas| MEM | Bo-0gu:PS-CH: |234.303579 2| d SF: SD:
RampUp 50.000 10 | 2.8748GeV|290.850 2.8748 2327 /582 Prepare magnets
BO-11U:PS-CH: | 131.829890 = Update reference
RampDown £0.000 . [ 11 | 2.9048GeV|294.150 2.9048 2353/588 |- Prepare timing
Set limits according to energy e >
Show Connections... sirushla version: 1.2.0
> > »

Shew Connections...

siriushla version: 1.2.0
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Common Tasks Performed

* Booster ramp configurations management and tuning;
* Power supplies testing, turn-off and turn-on routines;
* Save & restore machine configurations;

Configuration Type

global_config

Configuration Name

Type the configuration name...

name created
;
2 tmp2 27/05/2024 ...
3 bo_posang_opt_runl_best_pos 27/05/2024 ...
4 tmp 27/03/2024 ..,
5 config_topup270524_good_efficie... 27/05/2024 ...
5] ref_config_topup 21/05/2024 ...
7 temp_topup_bo_flip 14/05/2024 ...
8 good_rampbo_flip_bumpx_m30um... 14/05/2024 ...
9 temp.130524 13/05/2024 ...
10 nlk_hcoils_optimized_with_adcswap 06/05/2024 ...
11 |after 2024_04_29 studies 29/04/2024 ...
12 after_machine_study_2024-04-22 22/04/2024 ...
13 topupend2104 21/04/2024 ...

| ref mmmfia Famaim sfsr mRoAlss 0

Show Connections...

1 EINAMNTA

()]

Set saved configuration

Configuration

Filter ltems...
Showing 2394 ltems.

Name
» AS
BO
LI
sl
VTl
v PU
v RF
v DI
v PS5
TB
Ts

3
]
-

LT "7 v v <<

Apply Selected PVs (2394)

by GUIs

* Magnets cycling and standardization;

[ ]

2394 ltems checked.
Value Delay

siriushla version: 1.2.0

Create new configuration

global_config

1 AS-RaMO: TI-EVG: ClkOMuxDiv-SP
2 AS-RaMO: TI-EVG: ClkOMuxEnbl-Sel
3 AS-RaMO: TI-EVG: Clik1 MuxDiv-SP
4 AS-RaMO: TI-EVG: ClklMuxEnbl-Sel
5 AS-RaMO: TI-EVG: Clk2 MuxDiv-SP
5] AS-RaMO: TI-EVG:Clk2MuxEnbl-Sel
7 AS-RaMO: TI-EVG: Clk3MuxDiv-SP
8 AS-RaMO: TI-EVG: Clk3MuxEnbl-Sel
S AS-RaMO: TI-EVG: ClikdMuxDiv-SP
10 AS-RaMO: TI-EVG: Clk4MuxEnbl-Sel
11 AS-RaMO: TI-EVG: Clk5SMuxDiv-SP
12 AS-RaMO: TI-EVG: CIkSMuxEnbl-Sel
13 AS-RaMO: TI-EVG: ClkEMuxDiv-SP
14 AS-RaMO: TI-EVG: Clk6MuxEnbl-Sel
15 AS-RaMO: TI-EVG: Cllk7MuxDiv-SP
16 AS-RaMO: TI-EVG: Clk7MuxEnbl-Sel

17 AS-RaMO:TI-EVG:CplSiDelayRaw-5P

Show Connections...

Read

sirjushla v ersion: 1.2.0
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Experiments control



Structure of apsuite

apsuite
optimization
commisslib

utils.py

Simulation and
LOCO packages

Defines base
classes for
optimization and
commisslib.
Standardize how
data and
metadata is saved
and loaded.

__init__(self, params=

self.data = dict()
self.params = params

to dict(self) -> dict:
from_dict(self, info: dict):
save_data(self, fname: str, overwrite=

load_and_apply(self, fname: str):

staticmethod

load_data(fname: str):

to_dict(self):

from_dict(self, params_dict):

r

Contains classes of generic optimization algorithms
(e.g., RCDS, Simulated annealing, scanning, PSO)

Contains classes to drive specific experiments

COmpIess=

__init_ (self, params= , 1sonline=

super().__init__ (params=params)
self.isonline = bool(isonline)
self.devices = dict()
self.analysis = dict()

self.pvs = dict()

nerty

connécted[self}:

wait_for_connection(self, timeout=

__init_ (self, params= , target=

@property
target(self):

@target.setter
target(self, func):

start(self):
stop(self):

@property
ismeasuring(self):

wait_measurement(self, timeout=

_Tun(self):

[

isonline=




Data organization for experiments

* Shared folder among all PCs of the control room;
e Also mounted read-only in our PCs;
* Backup saved every day;
* All experiments should have its own folder:
* With name starting with the date and a short description;
* Should contain script that ran the experiment and data + figures + processing files + etc. created;
* Easy to find similar experiments done in the past;
* Reuse and adapt old scripts made in previous experiments;

5 pwd

/home s fernando/shared/scr




Examples of experiments



Experiments performed by scripts/notebooks

* Acquisition of synchronized fast orbit or trajectory (TbT) from all BPMs;  LOCO analysis;
 Measurement of orbit response matrix using AC excitation of correctors; * BBA of storage ring BPMs;

: — dobba.params.deltaorby = 100
#! fusr/bin/env python-sirius dobba . params .wait_correctors = 0.3
dobba.params.wait_quadrupole = @.5
. . dobba.params.quad_deltakl = 0.02
import time dobba.params.sofb_nrpoints = 20
: . . , dobba.params.sofb_maxorberr = 5
HIDm apsuite.commisslib.measure_bba import DoBBA dobba .data["scancenterx”] = orb["x"]

from siriuspy.clientconfigdb import ConfigDBClient dobba.data["scancentery”] = orb["y"]
dobba.bpms2dobba = dobba.data[ 'bpmnames ']

1
2
3
4
5
6
E
8
9

fname = "bba_after 2024 06 _17 shutdown’

# Use SOFB GUI to correct orbit and save it in dobba.wait_for_connection()

# servcont with name below. time.sleep(2)

ref_orb = f"ref_orb_{BBA_FNAME:s}' print (dobba)

| _ . print (80 * "#")

1f _name__ == "_main__ _ print("Starting BBA")
print(f"loading si_orbit: {ref_oxrb}") dobba . start () '
cltorb = ConfigDBClient(config_type="si_orbit")
orb = cltorb.get_config_value(ref_orb)

el e e e e i
Oh LN s L R = &

while True:
1T dobba.walt_measurement(2 * 60):
break
dobba.save_data(fname, overwrite=True)
dobba.save_data(fname, overwrite=True)

el e
LU R o |

dobba = DoBBA()
dobba.params.deltaorbx = 100

[
=




Experiments performed by scripts/notebooks

* Acquisition of synchronized fast orbit or trajectory (TbT) from all BPMs; .
 Measurement of orbit response matrix using AC excitation of correctors; .

: % ipython-mamba-sirius
Python 3.9.2 | packaged by conda-forge | (default, Feb 21 2821, @5:82:46)
Type "cop)
IPython &

'credits' or 'license’ for more information

'params '] )

data[ 'dat:
dict_keys(['bpmnames',

]-keys()

'‘guadnames’, 'scancenterx', 'scancentery’,
data[
dict_

'walt_correctors’,

params’] .keys(]

['deltaorbx’, 'deltaorby’, 'meas_nrsteps’,
"walt_gquadrupcle’,
'sofb_maxorberr'])

‘quad_deltakl®,
'sofb_nrpoints’,

'quad_nrcycles’,

"timeout_wait_orbit’, 'sofb_maxcorriter

DoBBA
dobba = DoBBA({isonline=
dobba. load_and_apply( 'bba_after_ 282
dobba. process_data(mode="5ymm

dobba . make_Tigure_bpm_summary(dobba. params . BPMNAMES[2] )

LOCO analysis;
BBA of storage ring BPMs;

[ ] Figure 1 -ox

A€E>I Q=¥ B

x=213.3y=40.8

SI-01M2:DI-BPM

20
— 10 —
E E
= =
[m] 0 (=]
Q [w]
(] [&]
< —-10 4 <
_20 -
T T T T T T T T T
0 50 100 150 200 50 100 150 200
X [pm] Y [pm]
120 |
100 | 300 A
T80T t
200 4
e 8
S O 1004
20
0 N O_
0 50 100 150 200 50 100 150 200
X [pm] Y [um]
% parabollic
linear
137
Quad: SI-01M2:PS-QS (dKL=0.0200 1/m)
Initial Search values = (98.34, 135.83) g 136
BBA Results: =
Linear: X= 97.1 +0.8 Y= 1353+0.4 = %
Parab:. X = 97.9+43 Y= 1357+19 1357
134
94 96 ag 100 102
Xo [um]




Experiments performed by GUIs
- S1 - Coupling Measuramant P

1106783 <!
025 CE—G
21 -

Transverse Linear Coupling: (0.04 = 0.01) %

INFO -

W
o]
c
3

=
@
N
e
il
=
n
c

=

[ ] %1

— fitting

0.055 0060 0065 0.070 0.075 0080 0.085 0.090
0.03 =P
003 & SI-Fam:PS-Q3 Current [A] +1.109e2

3 ool
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Summary

* Python is the most used language for the SIRIUS high-level control system:
e Span over simulation, experiments and control;

* Provides a very versatile and flexible environment for developing new tools and perform complex
tasks;

* The code development workflow from scripting to library or GUI is well-defined and encouraged:
 Code duplication is very rare;
* Creation of applications for non-expert users is possible;

* Use of basic libraries in scripts still possible;

* Experiments control and data organization:
* apsuite defines a standard way of saving data and metadata and creating experiment drivers;
 Current methods does not handle partial loading of saved data. This feature would be useful;

 Use of shared folder in control room PCs works well to separate and store experiment data, but does
not provide security against accidental data losses;



Summary

* siriuspy works well as an architecture and control system abstraction layer:
* devices and epics subpackages abstract EPICS;
* clientconfigdb and clientweb abstract configurations and constants servers.

* Several high-level control tasks already performed by soft IOCs or servers;

* Regarding virtual simulators:

* Seamless exchange between real machine and virtual accelerator (VACA) via VACA PREFIX
environment variable existed in the past. However, VACA was discontinued a few years ago;

e Use of virtual twin simulator is desired, but most of the measurements we develop nowadays
involves acquisition of synchronized fast orbit, TbT, or bunch-by-bunch data. A virtual twin in a future
middle-layer with such capabilities would be very useful.

* |In my perspective, the decision we took 10 years ago to move towards python and away from MATLAB
really paid off!

* | hope we can contribute with the community in the creation of a general python middle layer.



Thank you for your attention!

Thanks also to Ana Clara Oliveira for helping with the preparation of this presentation!
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