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MACHINES

BESSY II

1.7 GeV, 300 mA, TopUp, in operation since 1998

slicing facility, superconducting wavelength shifter
(x2), in-vacuum undulator

hybrid filling pattern operation
flux / brightness
brilliance
timing / dynamics
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MACHINES

developed and

* Physikalisch-Technische Bundesanstalt operated by HZB

* useroperation since 2008 injection

septum

* E/MeV=50...630;C/m=48;1/ mA=200
design emittance / nradm ~ 100

* EUVreflectometry (next generation EUV lithography) rf cavity, HOM damped
500 kV, 500 MHz

* important test-bed for accelerator R&D and education (Master,
PhD Students)

100 MeV
microtron

* first SR optimized for low alpha operation by using a dedicated
sextupole and octupole correction scheme. ASML
—> optimized for low-alpha operation (IR / THz generation)

* experimental studies of steady state microbunching (SSMB)
* EPICS facility
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TOOL STACK

TOPUP MASTER - BESSY II e

Top-Up Service [ HELP || Refated |[ ] Fill Pattern Control Engine close fill pattern setup
AL Resmourey farget L echen Overlay of planned and live Fill Pattern, last Shot and Knockout region
. . . . z 297.02 mA 296.5 | 11.0 h|inapprox. linear log10 planned Fill Pattern ||||||||||||||||| live Fill Pattern - last Shot Knockout region
[} -
BESSY I, self-written, maintained, EPICS State Notation < 414mA| 40 4_47h g

Interlock Enable IniFree Decay TOPUP Automatic OFF

* automatized TopUp operation including helper Key[Top0p] O @ @  Topup Automaticon 3

last shot  4h average

fu ne ti ons Efficiency Interlock ——

@O cur. within limits shot @ standard multbunch gooster-in) or

Q@O EftBoost booster o 0 100 200 300 400
. . . OOQ crraoumtox e | 0.00 m i
* lines of code ~600 state machine, ~600 next shot config, T e o e e I [

: " g i ; 27
I TopUp Operation I H'St°ry| ; bunch o lbmchs(:;l:l@zw :.;::: m = nr:m::; : Shot-Position 1\
. . . . 3. slicing bunch 1 1 bunch @397 3.00mA  normal nothing @ sel. mode: a
~400 fill pattern and TopUp simulation for testing [Tes]]s] 5 |mammn R o o o s 8
puncies par shot 6. slicing bunch 4 1 bunch @385 3.00mA  normal DTN ]| Misc. Sysiems
i 7. slicing bunch 5 1 bunch @9 3.00mA  normal nothing @ - OY.
Ideal bunch interval at shot g Banci selil ng —
. . . . . 2 4 30 4 :Ieal himerval between w}: ﬁ:x: g;f sv{allilch
* RunningonanlOC, interface is EPICS (including panels, etes Event/Message Log Status Gun e oo On
max. length of bunchtrain ) 2024-06-18 14:08:27 No Bean
1 80 120 80 rax ':’5“9"1 of bunchtrain 2024-06-18 14:22:25 TopUp Off sumSquares 7iim. 293 mA? / 1000 mA2 @ | knockout State on @
alarms, archiving...) S — 2024 0618 14252 Docering Joaceariim, 41374 | 554 ()| RS
Intsmlci?la’;de 1! Changing Eft.-l:h.-mue will change active limits in 2024-06-18 14:29:25 wait: Pulsed avg. bunchcurr in booster  0.964 mA @)  Small Bunch Adjust
Lop U Wnterinck tt min. 200 mA, max. 300 mA | | 2024-06-16 14:29:32 Toptp O£F pos mismatch /#intast10 0 0 @ | sp pos @201 setting: 13
MB Lifetime min. 5.0 h 2024-06-18 14:35:55 TopUp Operation

2024-06-18 14:36:07 TopUp Operation

* cleanup planned, rewrite for next-shot config
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TOOL STACK
- MLS Operation Master Control Panel A - OX
MLS Operation Master Control Panel T T
— Settings — Readbacks and Status ————————
o P E RATIO N MASTE R M LS Mode Injection  Energy Ramp Optics Ram o el
rgy famp  Up P act. Lifetime: 17.468 h
M Ramp Optic after E-Ramp if E>105Mey | Machine Comm act. Energy: 61209‘}? Melv
. . . . ser current Optic: o C
e MLS, self-written, maintained, Tcl Target Optic to rampto: 10 x epg :i":;’::w |
B Run Orbit-Correction after O-Ramp Low Emittance Optic Table Set: Standard User
. . . . oy _| Run RF-Freq.-Ctrl. after O-Ramp Injection/Trigger: off
* fully automatized operation including all transitions S o P Neg Alpha injection: _ disabled
_| Switch on lonShkFF after O-Ramp Figniite U125 gap&state: 76.859 mm
* lines of code ~250 generic state machine, ~500 MLS Operation TuneFF-ThiSet: StandardUser
NTCINT . . Ramp to specified Optic! Waiting for min. current
Master, ~2000 initialization & helper functions 2P E | (5mA)
curr. table: fopt/10 C/Optic Ramp/StandardUser/629MeV Up £| IDLE
* running as a service, interface is EPICS-DB (including panels, [ Commands _
. Active! Deactivate
alarms, archiving...)
— History — Coraph SavefMail Log & Emergency |4
07:16:34 chlecging exi§tence of Optics Ramp tables
+ rewrite with cleanup planned 1L g e ks S o

07:16:34 RF external phase modulation OFF
07:16:34 loading optics ramp tables

07:16:34 preparing to ramp Optics

07:16:34 Approach O-Ramp {(100% cplg)
07:16:45 Ramp Optics

07:16:45 ramp Optics to Target Optics (10 % cplg)
07:17:05 switched OpCheck to "Standard User"
07:17:05 switching scanning of low prio PVs ON
07:17:06 done.

07:17:07 U125 returned and unlocked

07:17:07 Waiting for min. current (-SméA)
07:17:07 next optics is "Standard User"

07:17:07 activating Orbit Correction

07:17:07 activating NoiseFF

07:17:07 sequence finished

07:20:07 switching off microtron

07:20:13 Microtron is off now
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TOOL STACK

SAVE & RESTORE

* BESSY Il &MLS, Tcl/Tk

* configuration - hierarchy of files listing PVs to

save/restore (in engineering units)
* 10000 machine snapshots so far
* lines of code ~3700

* running as application on the user terminal,

no python or command line interface

* probably switch to Phoebus S&R in the future

* Save/Restore

Execute Area-Selection Options Version: 4.0

Areas to save/restore

Injection-Line/ALL
Booster/ALL
Transferline/ALL
Storage Ring/ALL

- O X

Help
User: [
Date: |
Time: ]

Remarks and Comment (mandatory):

Insertion Devices/ALL Optics:  Standard _“Patlern: Multi Bunch _“
Diagnostics/ALL ‘So vor MC, ID auf
TopUp Settings .
: . ‘ Save
S
Reference Files available Snapshots View/Filter/Compare I Remove I-
# DATE TIME OPTICS PATTERN COMMENT r show deleted snapshots Saved Areas

10423 2024-06-03 07:04:42 Standa Multi ALL: Mo vor Abschaltung, FOFB off ~ [Linac/ALL -

10424 2024-06-03 14:40:52 Standa Multi ALL: Mo. 300mA MB nach Wiedereinschaltung Injection-Line/ALL

10425 2024-06-09 20:05:27 Standa Multi ALL: So, StdUser vor MC Booster/ALL

10426 2024-06-09 20:18:00 Standa Multi ALL: So vor MC, ID auf Transferline/ALL

10427 2024-06-10 12:53:01 Standa Multi ALL: Mo. 300mA, 100% Storage Ring/ALL

10428 2024-06-10 20:57:23 Standa Multi ALL: 300mA, Std User, vor MC Insertion Devices/ALL

10429 2024-06-11 15:51:52 Standa Multi Sto: New reference file for Landau cavity settingsg | [Diagnostics/ALL

10430 2024-06-17 07:04:39 Standa Multi ALL: Mo. vor Abschaltung (nach BeamLoss) TopUp Settings

10431 2024-06-17 15:03:33 Standa Multi ALL: 300mA, waehrend MC, 99%

10432 2024-06-18 14:05:27 Standa Multi ALL: Di vor Zugang UE52 99.5%

= K =

1|
FiIters:‘Month: Jun 2024 _ ‘Optics: Standard — ‘Pattern: Multi Bunch —. ‘Comment-FiIter:[

Status: 12 snapshots found
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TOOL STACK

OPERATIONAL PARAMETERS CHECK

e BESSY Il & MLS, self-written, maintained, EPICS

* automatized monitoring of beam parameters and machine
configuration (in contrast to device health ALH)

* lines of code ~3000 automatic generation of EPICS-DB &
config data for BESSY Il and MLS

* Running as a service, interface is EPICS (including panels,

alarms, archiving...)

* 16500 records for BESSY Il and 5000 records for MLS

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024 10

" Jopt/OPI-ctl/Bll-Controls-3-14/dI/OPCHECKCC_Op.edl (on ctl-srv-ng) A _— 0O X

e e s 0y OpCheck: Main Parameters [ Extended [Help|

act. Mode: Alarms enabled Errors:
. ) OpCheck disabled

el i ) 1<ImA and (BS locked or PSI off) . ‘ HESET I
Parameter Actual Value disable Errors
Current [ 294.542 mA | o]
Lifetime [ 10.11 h | | [0 ]
Purity | 47620 | [0 ]
Feedbacks/FeedForwards » | FDBK/FFWD OK | [0 ]
Special Bunches » [ Special Bunches OK | [} []
Beam Motion » [ Beam Motion OK [1+18 [0 ]
Beam Size » Beam Size OK [1+4 [0 ]
Pulse Shapes » [ Puise Shapes OK | [ 1+118 [ 0]
RF Systems » [ RF OK | [0 ]
Waveform Generators » [ WfGen OK |+ [0 ]
Booster Status » | Booster OK | [o]
Transfer Line » 0K J (o]
Transfer Line Beam Position » NO_ALARM [+2 [0 ]
Injection Status [ Enabled | o]
Tune Horizontal | 1060.1 kHz | ® [o7]
Horizontal Source ] |I|
Vertical [ eo7okHz | [ [0 ]
Vertical Source [ Diagnostics | & [o]
TopUp Operational Mode | TopUp | o]
Master Status @) ] |I|
Interlock [ inactive | ] [0 ]
ID status normal IDs [ all IDs unlocked 1 [0 ]
CPMU17 Interlock Bridge [ inactive ] (o]
TopUp Efficiency [ 100.0 | [o]
average T
SR-Kicker Charge Mode Kicker 1 [ triggered | ] [o]
Kicker 3 [ triggered | [0 ]
Beamloss Monitor in T1 (BAM) | 48 | & [07]
in T7 (PSF) [ 760 | [0]
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TOOL STACK

ENERGY & OPTICS RAMP

used at MLS, self-written, maintained, EPICS State Notation

linear transition of complex ramps with human maintained

fixed points
lines of code ~300 generic state machine, ~500 python

running as a service, interface is EPICS-DB (including panels,

alarms, archiving...)

rarely operated by humans, but daily but Operation Master

~ Jopt/OPI-mls/MLS-Controls/lin A _ 0O XT

] Energy Ramp

Approach Ramp

! Optic Ramp

Approach Ramp

Target Energy | 629.00 MeV Target Optic | 10.00
Number of Steps | 100 Number of Steps | 100
Up Down Up Down
Go [ ide | Go [ de ]
Drive Ramp Drive Ramp
Target Energy | 629.00 MeV Target Optic | 10.00
Ramp Speed | 2.000 MeV/s Ramp Speed | & %5
Ramp Acceleration Time | 1.00 s Ramp Rate | 0.100 5
Ramp Rate | 0025 s Ramp Command & State Stop Go
Ramp Mode Linear | Table Ramp Optic [10.00

[ Reload Ramp Table |

Ramp Command & State | Stop Go

Ramp Energy | 629.00 MeV
Old Energy | 629.00 heV

Actual Ramp Speed | 0.000 MeVis

Ramp Time | 25783 s

Reload All Tables

Up Down

Ramp Directory
fopt/I0C/EnergyRamp/StandardUser/

11

Old Optic | 10.00
Ramp Time | 20.00 S

l Reload All Tables
Up

Ramp Directory
fopt/|OC/OpticRamp/StandardUser/628eV

Down

BESSY Il
Light Source
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TOOL STACK

SLOW ORBIT FEEDBACK

* BESSY Il & MLS, self-written, legacy, C++
* slow (1/6 s) orbit correction, visualization & bumps
* lines of code ~20000 orbit, ~37000 mapper (GUI - motif)

* local running application with GUI

* legacy code 32bit

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

~_ SRORBIT (on ctl-srv-ng) A — O X

m Storage Ring Orbit

SR_BPMs (on ctl-srv-ng) A - OX

Storage Ring Beam Position

History | 887094 (832.11

12

Data Statisti
. stes Tue Jun 18 14:46:58 2024(: RMS Beam Position z: 0.03337 x: 0.01100 [mm] fs-Bump: 0.000, UE52Bump: 0.000 UE112Bump: 0.000 [mrad]
Vertical Horizontal
Msan l L0222 “ 000185 | CO Displacement [mm]
T l 003337 H 001100 ‘ 010 S e e g : TP - : S e -
average#: [0 v-clip: [0.100 “ : A
1 t |
RefOrb: - Display Diagram 003 A H A
YA I . J {
Orbit Control /.I‘; Pl i % Sl ‘ AYEN 1n J B
0.00 10 o=yt ot g e o e
S-Matrix Method | Bump  Mode o ‘1‘3\'“*@‘ »m«: N‘Sh:& 60 | 78 o0 | s0T 1'03" 110 :m W
A a il i il |
Ver. Hor. Posimm] Ang[mrad] : I || & LS
o oo e roree 0I5 s e S il
1.0 1.0 | o0.000 0.000 b Jie ]
§ - | < 4
Comect | Bump | CHDLII L NN W VRN TR T . R T T T e e e
Tune Ver | 566619 Hor |i17.80852
9.90[h] @ 297.,06[nA] ~— V-Act H-Act
Tune [kHz] Ver ,m Hor lm
Set Diff. | Clear Diff. Rin | ReEnable Hist 9.90h 297.06 mA / RMS 20.033374 x:0.011003 / 108(117) BPM 7 # 11
Momentum Compaction * 1000 [p.s2ses " | | o | B St l’ = * AR €Y
SMat —| ver _ — | Hor = - SR_CORRECTION (on ctl-srv-ng) s
Measurement Modes Storage Ring Correctors
= "I Diagram| Orbit - Offset | Steerer - Offset I ID- Corr H-Orbit V-Orbit I H-Bump  V-Bump I Req: 0.00 Set: 0.00 Meas: 0.01
| = —
Steerer Settings
Data Handling
= I Current 4]
20
Operation Setup .
= = =
sl
" ” 2’5

1800 M9 200 wZi0 /12

RF: Act 499622,387 Prd 439622,387 / 01d 499622387 Sto 439622,387 [KkHz] - V-Act =1
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TOOL STACK

FAST ORBIT FEEDBACK

BESSY Il, self-written, Matlab (7.7/2008)

* “fast” (150 Hz) orbit correction, visualization

* lines of code ~1300 orbit, ~2000 C-code auf I0Cs
* local running application with GUI

* legacy system and software
(reflective memory)
planned to be rewritten soon as new BPM

electronics are deployed

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

Fast Orbit Feedback Control (on ctl-srv-ng)

Fast Orbit Feedback Control

0.0015 delta RMS history since stant Buffer Pos: - +] [ Correciion Settings |
i <5 Corr. Frequency
0.001 | | vert. horiz.
i H ‘ﬂ‘ i I‘ i Mean:| 0.000373 || 0.000668 | plane to operate on
= [l AN f i
g M0 A | }‘\ ‘I/ i J"\‘\ A/ ‘| I RMS:| 0.040436 || 0.015339 | |  Eigenvalues
.‘I\-\H ~ LA L AN W TR “.'\-
02 AN e | ofset:[ 0.040529 ][ 0.0147a1] | comection Methoa

diff: | -0.000092 | | 0.000598 |

PID gains:

count MCk Offset: 0.000

:horiz.:vert.: horiz.:| shown vert.:

150 Hz
Both
e
Method O

N

diff Orbit (RefOrhit - ActPos)

shown Reference Orbit Auto
Special Filename | Special.Dat
S-Matrix Auto
Special Filename | NONE
{i:‘ﬂ rﬂr Filename disabled BPMs | UsedBPM.Dat
i 5 Timebase RMS and Diff | 0
— | Measure SMatrix | ‘ edit .. |

# of active Steerers: horiz.: vert.:

a3 3

s — [ Log Messages |
40 delta of Steerer Settings since start FOFB mBox stopped
3 Hack done
303 - 18-Jun-2024 14:35:20
3 I\ Starting request FOFB
203 1\ reading configuration
= 1Y starting mBox
£ 103 P | \, = Libera servers: connecting
l]—: /"__'r'""‘"\‘-\..;?f"':*"‘»__w.f'u'; = P —\ 1‘1 _;-'Y'/_":"*t—t@-.;u—:ﬂr;:')-; Libera servers: connected
S — R N 5

=illik= e e e T e e T T T T Tt -1 | AL T

I
150 200

T MClk FF no error

too close to injection

50 100
m m | Automatic Corr.

*** Fast Orbit Feedback Running ***
running / no error

FOFB disabled
FOFB enabled

13
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TOOL STACK
ADVANCED PULSED ELEMENT ANALYSIS [ 0 t<th & t>0b
/ £ )= hisinel T st <t
* BESSY Il, self-written, maintained, python model( ) i rlsmg( ) SIS !
X lfalling(t)  HSEIS B
* online model-based analysis of pulse currents for half-
wave and full wave pulses
* lines of code ~ 400 — 4 Model fit
* running as a service, interface is EPICS (including panels, ._i;_.
alarms, archiving...) € 3
Q
=
o 2
)
A
2 1
0] ‘ | | | .
0 2 4 §) 8 10 12

Time [ps]
14 HZB EiEgi?;gurce



TOOL STACK

LIFETIME MEASUREMENT

* BESSY Il, self-written, maintained, python

* weekly monitoring ratio of Touschek lifetime
and gas lifetime

* operator friendly - fully automatized
measurement, analysis and documentation
(automated ELOG posts)

* local application including GUI

4.2 1

4.0

7 [h]

3.6 1

3.4 4

3.2 1

3.8 1

Tr= 10.442 = 0.080 (prev: 10.445 = 0.087)[h]

TG = 4.647 = 0.013 (prev: 4.646 = 0.014)[h]

7. @ 1.00V: 3.560 = 0.020 (prev: 3.560 = 0.022)[h]

0 1 2 3 4 5
Vi [V]

24

22 A

20 1

18

7 [h]

14 1

12 4

10 4

|

-

Tr =

9.592 = 0.071 (prev:

Tc = 40.166 + 0.363 (prev:
T, @ 1.00V:

10.813 = 0.097 (prev:

9.603 = 0.054)[h]
40.157 £ 0.278)[h]
10.807 = 0.074)[h]

0

15

1

2 3
Vi [V]

4 5

I [mA]

1 [mA]

297.8

297.6

297.4 A

297.2 A \

297.0 A

296.8

296.6

04 12:52

297.8

04 12:53 04 12:54 04 12:55

time

04 12:56

297.6

297.4

297.2

297.0 A

296.8

296.6 %\

296.4 1

25 14:37

25 14:42
time

HZB

25 14:47
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TOOL STACK

BBA-OLD

BESSY Il, self-written, unmaintained, QBasic (dosbox)

model based beam-based alignment procedure
(much faster) including golden orbit generation

~700 lines of code

competitive at the time, but clearly out of date

DOSBox 0.74-3, Cpu speed: 20000 cycles, Frameskip 0, Program: QBX - X
File Edit Uiew Search Run Debug Calls Utility Options Help
0000000000000 ]

UBBAZA1Z . BAS

* +++++++++++++++HHHH A A A A AR R AR AR A AR AR AR A AR AR AR AR AR A AR A AR AR

Strahllage in den (Quadrupolmagneten
BESSY1I-5Speicherring
(QuadBBfd.BAS  fApril 2004 und =paeter
noch mehr BPMs - bpmmax:<=biz zu 1Z1
mit Erzeugung der Responzematrizen der Korrekturspule
an den Quadrupolmitten wund den BPM=
+++++++++4+ 4+ EEHEE AR R AR AR AR AR R AR A AR R AR R AR AR AR AR
|DECLARE 3SUB elmitte (elx, bxmitte#f, muxmitte#t, dmitte#t., bymitte#t, muymitteft)
|DECLARE SUB daten (FileName$)
|DECLARE SUB me (round+, 1, k, R)

TTLAT ATITY MaIT 3w =

3102501 . bba  QIMZD4R  gx= 58 dX= 0.081(.025) mm dY= 0.382(.111) mm? J]

b, ||
Yoo
rl |

|

16 H ZB EEgSPﬁYSIolu rce



PRESENT EFFORT

MML

* established at BESSY Il and MLS

* around for a decade, but not intensely used, maintained

or developed, not part of the production eco system

* since half a year: complete model review, pyAT model
input for MML

* extending MML setup and capabilities on both machines
to connect to the community for preparing our
contribution towards a new accelerator middle layer

process

* orbit correction, generate bumps, quadcenter, ORM, LOCO

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

mm/ampere

17

)

N OB oo
2 0 © © 0 ©

]
v
(=]

Orbit Response Matrix

100

BPM Number

HZB

CM Number
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PRESENT EFFORT

JUPYTER NOTEBOOK / LABS

* aka “commission tools”, managed to get all physicists under
one umbrella

* daily accelerator physicists working place
(debugging, data analysis and visualization...)

* lots of code snippets
* bad for many reasons (in particular sustainability)
* very low threshold - ideal for getting students on board

e ~5000 notebooks

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

18

7 Jupyter

Files Running Clusters

Gurrently running Jupyter processes

Terminals «

There are no terminals running.

Notebooks +

& mcateer/InjectionLine/spark_IL_trajectory_nonlinear.ipynb
& atkinson/redpitaya?024/radio-while TRUE-getdata.ipynb
& meateer/spark/TBT_S_inj_and_extr_spectra.ipynb

& atkinson/redpitaya2024/radio-Copy1.ipynb

& 1ies/20201019_synchronousphasemeasurement-usertest2/20230705_synchronousphasemeasurement-production.ipynb

& gotz/pause_fast_archiver.ipynb

& matveenko/predict_transient.ipynb

& atkinson/keysight/keysight_multimeter-while-true.ipynb
& atkinson/linac/terry_scope2024-diode-pauline.ipynb
& mcateer/TransferLine/spark_TL_trajectory_nonlinear.ipynb
& mcateer/SA_sparks/spark_SR_trajectory_test.ipynb
& rial'Commissioning/AllIDsScan1_bluesky.ipynb

& rial/Commissioning/Orbit analysis Streamlined.ipynb
& rial/Commissioning/Orbit analysis.ipynb

& rial/Commissioning/CorrectionCoils.ipynb

& rial/Trim Coil Tables ipynb

& rial/IDclass/Bluesky Class_Dev.ipynb

& olsson/pytac/pytac-orm-measurement.ipynb

& gotz/check_paused.ipynb

& gotz/Untitled.ipynb

& schaelicke/measure_delay_generator_jitter-P400.ipynb

& ries/20240418 firstPowerEnergyPlots/20240418 firstPowerEnergyPlots.ipynb

Shutdown
Shutdown
Shutdown
Shutdown
Pytt Shutdown
Pytt Shutdown
7 Shutdown
Shutdown
7 Shutdown
Pytt Shutdown
Pyt Shutdown
Shutdown
ky (D Shutdown
ky (D Shutdown
Shutdown
Shutdown
ky (D Shutdown
Shutdown
Pytt Shutdown
Pytt Shutdown
Pytt Shutdown

Shutdown

HZB

seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago

seconds ago

BESSY Il
Light Source

Quit



PRESENT EFFORT

OPHYD / BLUESKY

* motivation: frameworks towards better - in particular
more structured and sustainable physicists code

* ophyd - key/ bottleneck are sustainable complex
devices

* Bluesky = structured measurements / data acquisition

* needs some time to get used to database use
(used to archive data or manually generated files)

* higher level integration enables much more complex

possibilities than bare-metal

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

. Prompt feedback
Experimentalprocedure € — — = = = = = = = —= = _——_——_—-— - -

l

Run Engine (bluesky) = “Documents” —————p-

Streaming visualization

& processing/reduction
!
Documents
Python abstractions Serialization Access saved data
of hardware (ophyd) (suitcase) (databroker/intake)
A
Set value Read value S”[}?JT:E"
¥ Persistent storage
Control layer (e.g. EPICS) (Ordinary files on disk, v
A a Database, and/or the Cloud) Interactive
P data analysis
3 7’ o . ® I
v 7 Large detectors Jupyter

» write directly to storage 4
Hardware -

(e.g. motors, detectors) ~

19 HZB
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PRESENT EFFORT

ORM AND NEW BBA

* BESSY Il, self-written, development, python

* complete rewrite of the model old model-based BBA
* ophyd + bluesky + database

* runson digital twin and machine

* in physics review

* Target: production method for BBA at BESSY Il & MLS

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024

PyVista

Orbit response matrix of BESSY ||

/siff

yiif

TFOR

yiif

TFOR

form
yiif
3-80
yiij

43.7

fiotebooks SEtup. py
§-metadata.json.bz2 pyproject.toml tests
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P R ES E N T E F FO RT O + ave Accelerator Tools / Reference Lattices / bessy2reflat

o 29 & 1240 at.Quadrupole('Q4M1IDIR',0.5,k=k4d1),\
1241 at.Drift('DU_S4M1DIR',0.153),\
Q Search or goto... 1242 at.Sextupole('S4M1DIR',0.16,h=h4d1,Corrector="H"', KickAngle=[0,01),\
1243 at.Drift('DU_BPMZ4DIR',0.07),\
i 1244 at.Monitor('BPMZ4D1R',Group='BPM'),\
Eloject 1245 at.Drift('DU_KIKIDIR',0.2295),\
THE MACHINE MODEL
1247 at.Drift('DU_BPMZ41D1R',0.1265),\
5 Pinned v 1248 at.Monitor('BPMZ41D1R',Group='BPM'),\
1249 at.Drift('DU_BPMZ42D1R',0.20939),\
Issues (o] 1250 at.Monitor('BPMZ42D1R',Gr ='BPM'),\

1251 Ft('DU_KIK2DIR',0.13289-0.00639),\

° d 'ft M Merge requests 1 1252 at.br‘lft('DU_KIKZDlR',@412011),
505 drift sections 2. DDPECRTRIR: 85980 %

8 Manage > 1254 at.Drift('DU_FOMZ1D1R',0.3465),\
1255 at.Monitor('FOMZ1DIR'),\
. Plan > 1256 at.Drift('DU_MRING_END',0.514),\
* 35dipole magnets b oo ) =t Norken (ARG 10"\
1258 ]
1259
% Buid 2 1260 # Ring definition
° 145 quadrupOle magnets @ Setur ’ ﬁz; ring=[D1_secondhalf, T1, D2, T2, D3, T3 , D4, T4, D5, T5, D6, Té, D7, T7, D8, T8, D1_firsthalf]
® Deploy > 1263 # %’xumo‘ ’*%ﬁ%’ until list ?D“wﬂereiy %"Lﬁt?ene[/
1264 while any(isinstance(x, list) for x in ring):
% Operate 5 1265 ring = list(chain.from_iterable(i if isinstance(i, list) else [i] for i in ring))
1266
* 112 sextupole magnets - >
1268 ring = at.Lattice(ring,name='BESSY II', energy=energy)
I Analyze > 1269
i 12706 # Turn cavity and radiation on
[ ] 112 (121) BPMS @ Settings S 33; ring.enable_éd()
1273 # Set cavpts to point to main cavities
1274 ring.cavpts = ring.get_uint32_index('CAV*')
. 1275
i python Interface 9 pyAT 1276 # Set only main cavity phases
1277 ring.set_cavity_phase(cavpts=ring.cavpts)
1278
calculating tune & closed orbit ~ 80 ms without L B
1281 if name__ == '__main

any optimization on a laptop P )
* using this model also in MML now
* in-depth model review ongoing

* targeting a model to describe the real machine

SS
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PRESENT EFFORT

Starting iloclInit
D | G | TAL TW' N T
## EPICS R7.0.8.1-DEV
## Rev. R7.0.8-20-9gc77f32b19cc81d309740
## Rev. Date Git: 2024-05-03 04:04:41 +0900
° corem Otivation' en able a Ccelerator phySiCS softwa re RUBHBHRH IR E SRS S R S S S R S R
' Forward-1ink uses Channel Access without pointing to PROC field
. . . . Teresia:DT:dt:updates.FLNK => Teresia:DT:dt:im:update:fanout
development’ teStmgand trammg outside the control room recGblRecordError: scanAdd: I/0 Intr not valid Error (65535,65535) PV: Teresia:[
. ] . _main_: dbProcess of 'Teresia:DT:PMUXZR:off"'
without machine time _main_: dbProcess of 'Teresia:DT:QSPAZR:im:set'
_main_: dbProcess of 'Teresia:DT:par:mode'
. . _main_: dbProcess of 'Teresia:DT:mux:im:set'
* creates PVs with preflx and Mmanages _main_: dbProcess of 'Teresia:DT:mux:out'
_main_: dbProcess of 'Teresia:DT:QSPAZR:rdbk'
. . . . . _main_: dbProcess of 'Teresia:DT:beam:orbit:found’
* architecture with different engines = pyAT & thor-scsi _main_: dbProcess of 'Teresia:DT:beam:publish'
iocRun: A1l initialization complete
epics> pyat orbit calculation starting (find_orbit)
° i i 1 pyat twiss calculation starting (get_optics)
twin for everyone = shallbe running on office laptops label Teresia:DT:beam:orbit:found = True type(<class 'bool'>)
cbLow: dbProcess of Active 'Teresia:DT:beam:orbit:found' with RPRO=0
° ; H label Teresia:DT:beam:names
container available Executing Python code: mux.off(0)
ERROR: triggering calculation needs to be implemented
Executing Python code: publish(what='lattice')
Need to implement publishing lattice?
Executing Python code: pydev.iointr('Teresia:DT:beam:orbit:found')
epics> rﬁ
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PRESENT EFFORT

Co N TAI N E RS Group Subgroups and projects  Shared projects  Archived projects

I B bact-containers

. . - y @ G gitlab-profile &
* We try to establish a container based eco system for S
. Issues 0 Bact Pack c
central maintenance and usage at O | PN i G
Merge requests 0
* |la ptOp @ B bact-container-pyat P
e control room - )
Plan > 0T mJ
* HPC |
. . <> Code > @ B bact-container-elegant O
* Collaborating with partners e
ul >
@ B bact-container-xsuite
* recipes maintained in gitlab S ’
@ Operate - @ B bact-container-pytac O
* automatic building and testing via CI/CD 0 BB bact-contsner-bissiy @
* containers can be access through a registry or download @ B bact-container-mbtrack2 @
@ B bact-container-fluka O

* very helpful with students

(@ B bact-container-analysis &
@ B bact-container-pymad

(@ B bact-container-thor-scsi O
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File Edit Vi Run  Kemel Git ings Help

+ : X [ untitled.ipynb X [W 20240527_bessy2re X = [ Launcher X @ Terminal 3 X @ Terminal 5

PRESENT EFFORT

beegfs/notebooks

Notebook

amonth ago

2 months ago

HPC

* 8nodes
total: 1536 cores, 3072 threads, 8TB RAM

Terminal

* HPC

* 1xinteractive + 7 x Slurm

* file system BeeGFS

letc/jupyterhub/jupyterhub_config.py

* devoted to storage ring physics D

1
"""" 1
]
letclcontainers/storage.conf 1
.
. te some backlash th h cyber attack CEl ]
quite some bacCkKklas rougn cyber attac i '
EEy Jupyter HUB 1 ]
http://athena-cn08:8000 1
. . : Warflibiregistry i !
1
(fully self setup and maintained) | 20 | oL i .
- jupyter_user1
e (localhost:5000/bact-container-jlab:0)

podman

cache
. : e e e e .- —-——————

Irun/cor taine}
1 1
] I ]
[] ] 1
1 1 1
1 - E pyatiatest 1
[] ] 1
1 Jupyter Lab (user 2)
$HOME/.local/share/containers 1 oras:/Mocalhost 5001,' ' b ¢ ) '
' orasiinodes:5000 | .
1 ' S e ———
/run/podman/podman.sock I o o wiiim e e & jupyter_user2
registry (localhost:5000/bact-container-jlab:0)
(docker.ioflibrary/registry:2)
Jetclpasswd fhome
ipykernels temporary jypyter notebook apptainer
(json) apptainer files workspace container cache

/letc/shadow

} /home/{user)work /home/{user).apptainer/cache

us pira
(Mom/Auser}/.local/share/jupyter)
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FUTURE

BESSY Il

* preparing at BESSY Il, e.g.

* moving dipole by ~300urad roll and 600urad pitch
cross checking with beam and pyAT model

* sufficient model for the flawed machine

* benchmark real simulated commissioning at BESSY I

(not accelerator physics robustness analysis)

Teresia Olsson et al., accelerator middle layer workshop, 19-21.06.2024
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FUTURE

FUTURE

end of the year we will have access to TbT data = new set of data & tools required

* use of more sustainable code, i.e. standardized and maintained by a larger community of multiple machine
—> participate, contribute and deploy to new middle layer effort

* “physics ready data”, data models, database
* fire up the use of the digital twin
* connect /align the tool stack with storage rings community

* trying to attract the interest of machine learning people
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CONCLUSION

* operational tools are the backbone of high performance and reliability user operation and mandatory for more handling
complex machines and operational states

* team moved to python, moving to pyAT, keep other codes supported as crosscheck
* difficult transition from “physicists demo code” to a real operations tool

* BESSY Il and MLS are running fine, but...
* deploy state of the art
* sustainable codes are an issue
* alotof potential in the transition from bare-metal to a higher level

* BESSYIIl...isalongway to go, but we try to find the path an prepare at the existing facilities
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THE EXPECTATION / DREAM / ILLUSION
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