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FAIR outline == Il

 |ntroduction: New FAIR Acc. Control System Highlights

* Machine-Experiment Interfaces:

a)Accelerator & Beam-Modes, Beam Mode transitions
b) Interface to Machine Protection (MP): Beam Aborts

c) Target Steering, Beam Performance Indicators &
Macro-/Micro-Spill-Structure

« some results from the proof-of-concept MDs

... With focus on controls & software interfaces
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F _\lR Accelerator Controls Retrofitting
GS| — FAIR Transition in 2018 =5 00
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F_\lR Anatomy of FAIR Acc. Control System

R. Baer (department head) et al. == 1K

Machine-Protection, Interlocks, MASP

Transmission Monitoring, Post-Mortem

Tier 1: Application/Presentation

o FAIR Facility Overview
Applications H Exp. Apps. (‘Page 1')
(Java)
| - :
L

Tier 2: Business Layer

(Control Logic) i i

Tier 3: Industrial Control & IT
(aka. Front-Ends)
: White Rabbit

actual HW actual HW actual HW
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FAIR some FAIR Acc. CO Highlights =

Non-monolithic, distributed accelerator control system
- Standardised open interfaces across accelerator chain
e Full control on accelerator modelling & interdependencies

- Consistency across devices and settings

- Parameter hierarchy (trans. abstraction/separation of: accelerator physics < controls)

e Tracking of accelerator performance & corresponding settings

« Distributed development & expertise (e.g. code shared with CERN)

- Better more efficient code review & medium-/long-term maintenance

- Continuous improvement & evolution to actual accelerators' & experiments' needs
« Better more flexible integration of beam-based diagnostics systems

- possibility of arbitrary (user-driven) functions (+actual vs. reference comparisons)
— opens the possibility of powerful semi-/fully automated cycle-to-cycle feedbacks

» trajectory/target steering, orbit control, ...

e Easy macro-spill-control,
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F-\lR FAIR Control System Documentation =

Good entry point:

https://www-acc.gsi.de/wiki/

Specifically, some more meat in:
* Glossary: https://www-acc.gsi.de/wiki/FAIR/FAIRGlossar
* Timing: https://www-acc.gsi.de/wiki/Timing/
 FESA: https://www-acc.gsi.de/wiki/[FESA
- https://www-acc.gsi.de/wiki/FESA/WhatIsFESA

« LSA: https://www-acc.gsi.de/wiki/Applications/LsaMainPage

- https:/lwww-acc.gsi.de/wiki/Applications/LsaPresentationsAndPublications
- https://lwww-acc.gsi.de/wiki/Applications/LsaFrequentlyAskedQuestions

- https://fedms.cern.ch/ui/#!'master/navigator/document?D:1935804008:1935804008:subDocs

* Applications: https://www-acc.gsi.de/wiki/Applications/
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F-\lR LSA Parameter Hierarchy

SISMODI

ot ot
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LSA Parameter Hierarchy
F-\l R Real-World Example — Traceability =51
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F-\l Disclaimer: KISS Restart in 2018
SISMODI — ParamModi (function-equivalent) === 1K

508 U083 | TH/HAD 14N 7+ 2000.00 langsam = 2 HF—Kavi I Normal =
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F_\lR Machine-Experiment Interfaces

a) Accelerator and Beam Modes
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AIR Accelerator & Beam Modes IS I

» Purpose:

- Communication of intended accelerator operation to experiments, FAIR and wider community
» what to expect and when, beam time performance tracking & analysis
- Conditioning of control sub-system responses

* e.g. logging, interlocks, management of critical settings (MCS & RBAC), machine sequencer, access system, ...
 associated rules of what is allowed, when, where etc. e.qg.:
- Limit parameter changes during data taking — aka. 'Stable Beams'/'Production Runs'

- No high-intensity beam injected into an ‘'empty’ machine QuiltyMaragmment_ | sesamne T [Freear . |owo21020s
- Block certain operation during unsafe mode of operation FAIR @ E===r | Technieal Concept i
Document Title: Accelerawor and Beam Modes

Description Technical Concept for definition and integration of Accelerator Modes
and Beam M odes in the accelerator control system

 Main modes: S —

Field of application: Project FAIR@GSI, existing GS| accelerator facility
1) Accelerator (Machine) Modes
* covering rule sets outside of beam operation i e onct propesas el o s “acc o e i e e

and operational sequence outside ofbeam operation and that are defined per accelerator or beam -
line section (e.g. shutdown, setup, physics run, etc.); and the 'beam mode’ covering rule sets

° deflned per aCCeIerator/tranSfer_lIne Segment during beam operation and that are defned per accelerator or beam-line section and Beam-

Production-C hain (e.g. no beam, pilot beam, stable beam, etc.)

The purpose of these modes is to communicate the intended accelerator operation, and to
it h i | sub- .. hiving, lock and fast-bs -ab
2) Beam Modes Symiems, managemern of Sitca Setngs, eity. The scaderao! Lol System il ditinte ths
information to the accelerator devices, experiments and wider FAIR comm unity.
« covering rule sets during beam operation Prepare by Chesked b Arproved by WPL 1 Mk
R. Steinhagen S Jllicher (CO) cl
M M H M R Bar | Lehmann
» defined per accelerator/transfer-line segment and beam-production-chain . Omer (15-100KP)

D. Ondreka (System P lanning) “
A Reiter (BI)

P. Schitt (Operation)
D. Severin

R. SteinhagenFAR Comm.& Control)

* proposal: extend this concepts also to experiment targets

copy on:
- required for safe primary-beam intensity ramp-up & OP-Exp. Hand-shake (see later) https:/fair-wiki.gsi.de/FC2WG/
] —

- more fine-grained options for facility availability, performance tracking & analysis
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AIR FAIR Accelerator Modes

Follows annual life-cycle of accelerator facility

* Operation without Beam:

SHUTDOWN

« could imply possibility of open/controlled access or no powering
COOLDOWN (SIS100, SFRS)

* typ. 2-3 weeks, limited/no access

* need to distinguish between a 'warm' and cold' shut-down?
BAKE-OUT (SIS18, HEBT, ...) — similar to cool-down

WARM-UP (SIS100, SFRS)

RECOVERY (SIS100, SFRS)

« after quench, partial vacuum loss, typ. few hours - day

* includes e.g. periodic magnet CYCLING to stabilise hysteresis
MACHINE-CHECKOUT

* operations tests without beam in view of beam operation

* (e.g. power converter calibration, magnet patrol, etc.)

» done once after a long shutdown, typ. few weeks before beam operation
ACCESS (during beam operation periods)

« controlled access for specific tasks only (signature by MCs & OP)
* Operation with Beam:
- BEAM SETUP
« focus on initial/re-commissioning, machine setup after long shut-down + OP training
- PHYSICS
- MACHINE DEVELOPMENT
« focus on accelerator/beam physics aspects
- MACHINE TEST (during beam operation periods)

 controls, RF, new front-end, ... tests w/o beam + OP training
* Ad-hoc during beam operation but not 'Physics' nor 'MD'

>

>

J

operation without beam
(part of shut-down coordination)

describe main aim

of machine operation
+

info & Accounting
type modes
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F-\lR FAIR Beam Modes — State Diagram

verification of machine-protection functionality

Minor adjustment of intensity related effects (e.g. AQ(intensity))

Intensity
Ramp-Up
tune beam parameters (within limits) to
suit the experiments needs/performance
. 1 for low iptensity :
basic accelerator setup Pilot Beam AdJUSt
injection->extraction
typically with (but not limited to) R
low setup intensities (SBF=true)
‘handshake”

Post-Mortem/

always

Stable Beams/

start here: No Beam Beam Dump Production
Here'd be Happiness
producing physics beams
most settings locked-down
mag. cycles only
e.g. RF conditioning
Recovery:

No Beam

cool down + cycling after
magnet quench or main PS failure
N.B. beam mode = machine mode

normal operational path
error/fault case
low-intensity

GSI Helmholtzzentrum fur Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de,

N.B.:

1) omitted arrows to 'No Beam'/'Pilot Beam'
better visibility (always possible)

2) modes follow existing normal setup routine, initial
transition acknowledged by operator, subsequent
driven automatically by sequencer

for
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FAIR Additional Actual States =51

« Beam Presence Flag (BPF) — indicates that cycle/settings have been validated with
Pilot- or Physics-Beam in the recent past (< days, tbd.)

- main usage: prevent high-intensity injections into an '‘empty' machine with new untested
magnetic settings or modified machine conditions

- defined per accelerator or transfer-line segment (where necessary)

« Setup Beam Flag (SBF) — indicates beam used to setup the beam production chain
(typically low-intensity)

- defined per accelerator or transfer-line segment (where necessary)
- SBF provides flexibility of masking interlocks during setup (e.g. MWPC/screen protection)

- Used to enforce interlocks with high-intensity (primary) beam

* Injection/Extraction Permit — indicates if subsequent accelerator chain is ready (safe)
to receive beam (- fast beam aborts, discussed later)
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Retirement of Legacy HW Beam-Request-Unit
F'\I (aka. “Strahl-Anforder-Einheit” built in 1998) iI=== 1L

* New FAIR Timing System will be deployed in 2018

« CO will replace existing HW-AFE with more powerful SW solution
- Any experiment that urgently still needs the old legacy solution?

- N.B. old-HW would be mapped via SW stack to new unit but would safe time/development for legacy HW-hybrid

: i
TR

AFE Fa423 g

s una: b et dobalabpaafndox

« Software beam-request-unit features:

- Functional equivalent to existing unit (besides specific HW interfaces)

- + Feedback on accelerator interlock status,

» Accelerator & Beam Modes of preceding accelerator chain
* beam-presence- and setup-beam-flags
» Available beam configurations, ....

- Provides also experiment's interface to set requested Accelerator & Beam Modes

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-27 16
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FAIR

Interface to Machine Protection System
Beam Aborts (R. Bar, C. Omet et al.)

Notbremse '

fur Fahrtreppe

MiBbrauch wird bestraft

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-27

17


mailto:r.steinhagen@gsi.de

Interface to Machine Protection System
F-\IR Beam Aborts (R. Bar, C. Omet et al.) = 5 I

1. Programmed, Slow Beam Abort:

- Experiments sets e.g. 'Beam Mode xxx' — 'No Beam' — cycle-to-cycle basis

- Beam request interface to be agreed upon (HW, SW, which beam parameter info, ...)
2. Faster Beam Abort (within-cycle) via timing network (ms-scale)

- requires: FMECA Analysis (soon) & post-mortem (when it occurs) from exp.
3. Fast Beam Abort (FBAS, within cycle) via digital optical link (us-scale)

- requires: FMECA Analysis (soon) & post-mortem (when it occurs) from exp.

» Proof of limited false-positive rate

— Meant for protection against dangerous direct impact of primary beams

- SIS100 FBAS Ilimit on false-positive MP triggers « 1 trigger/day (for nom.
Operation))

4. Non-MP-related Spill-Aborts: medical-type-operation/int. dose control

- not part of FAIR base-line ~ activation issues/where to dump remainder of beam

GSI Helmholtzzentrum fur Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-27
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SIS18 & SIS100 Beam Dumps I/l
F-\IR Hard Radiation Limits (C. Omet, RP, et al.) === I

Dump | OfficialName | | | Losses*

“SIS18 dump” setup-only <10° @18 Tm 40% (per 10h)
@18 Tm 5%
SIS18 - SIS100 T8DUSD1 setup-only <10° 0.5 Hz max! 90%
extr -SetUp dump (no 3 Hz OP with HI')
1.5-10%" ions/s 200 MeV/u 5%
5-10*2 protons/s 4 GeV 5%
SIS18 - SIS100 Tunnel 101 5-10*? ions/s 4.7 GeVl/u 2%
(only @ stripper & collimators)
SIS100 internal Tunnel 110 (. 9), 3-10% U%8/s 2.7 GeV/u 10%
emergency dump 15545D1
2-10% protons/s 29 GeV 3%
SIS100 Tunnel 112 < 10° ions 0.5 Hz max! 40%
extr.-setup dump T1D15D1
5-10' ions/s 34 GeVlu 3%
2-10*3 protons/s 29 GeV 3%

» Losses* = integrated total losses over 365 days

- N.B. typically run < 200 days, not all with high intensity & high energy — gain some factor,

- However: limit does not include activation limits (maintainability) and is shared with operational
(U navoidable) losses (injection losses, capture losses, fast/slow extraction inefficiency, halo colimation, ...)
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SIS18 & SIS100 Beam Dumps I/l
F-\IR Proposal on FBAS & PM Limits: == I

Dump ___ OfficialName _______________________ Losses*

SIS100 internal Tunnel 110 3-101 U=8/s 2.7 GeV/u 10%
emergency dump (. 9), 1S54SD1
2-10% protons/s 29 GeV 3%

» Losses* are shared between 'regular (un-)controlled losses' & 'exceptional losses'
» Experiment Diversity@FAIR: shouldn't favour single exp. beyond above others within reasonable limits)
« ALARA:

- Minimise false-positive triggers by design (result of FMECA)

- keep MP stress & op. losses well below legal limits — aim at only a couple of FBAS/day

- limit loss based on average calculated per hour (or at least not more than a day)
* keeps beam-time schedule predictable over a couple of weeks/months, less “dirty” tricks

« Additional dead-time (beyond PM ack. & cool-down) based on actual cycle losses
'Limit := [ n.eq(t) [particles] - Ea(t) [GeV] dt / #experiment’

- less penalty for confirmed lower energy or lower intensity losses (- Transmission Monitoring System, FC2WG #6)

- exponent 'a' to be checked (e.g. LHC (protons) a = 1.7, ions @ FAIR energies?)

Re-assess limits after first year of operation with real high-intensity beams
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F-\lR Control Theory Paradigms I/l IE= 1L

s Feed-Forward: (FF)

- Steer parameter using precise process model and disturbance prediction

s Feedback: (FB)

- Steering using rough process model and measurement of parameter
- Two types: within-cycle (repetition At<<10 hours) or cycle-to-cycle (At>10 hours)

predicted disturbance

Feed-Forward:

M—-E actual disturbance

+
Feedback: + Process: .+é>+ » Energy, Orbit,
Ax — E E—-P Q, Q' c ete.

measurement noise

Monitor: J’gy4 P
= 3
PP

Reference
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FAIR control Theory Paradigms 1/

norm. parameter

A Feed-Forward:
Reference = 1
1-¢
actual parameter
: -
time

norm. parameter

>

Integral feedback:

Reference = 1
actugl par§mete‘r
\ \

|

\
‘ \
\ ‘ ‘ :
\ \ \ \
| ‘ \ \ \
error l@ignaIYA = | |

integral feequackisigna‘ﬁ

1 rst 2nd . nth

Uncertainties and scale error of beam response function affects convergence
speed (= feedback bandwidth) rather than achievable stability

GSI Helmholtzzentrum fir Schwerionenforschung GmbH
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F-\lR LSA-based Cycle-to-Cycle Feedbacks ‘=

Generic LSA trim interface: ... open to all accelerator parameter

[&] @ Trim Editor {u10.0.0) connected to server G51-DEV(PRO database) < @asiTa1> 2 & & th t f If'l b - ntr I th r r't r' .

e b L at fulfil basic control theory criteria:
Cycles Particle Transfer 4 Parameter selection - SIS18_RING

Filter: ["12C3"FRO1G ”@ SIS18_INJECTION h Parameter Groups Type Groups Parameters

SIS18_FAST_12C3.DUALH.PRO16 | |22 L8-RING - TOPLEVEL [ 2| [SCALARDOH gipep: | @

SIS1B_FAST_12C3.H5.FE_PRO16 | [3I518-TS_HHD BEAM SCALAR END| (e RO 1B ICTRL

SIS18_FAST_12C3.H3.MA_PRO16 EUMPER SCALAR_END

SIS18_FAST_12C3.H3.PRO16 EYPASS SCALAR_QHFI

SIS18_FAST_12C3.H3_REFORE.PRO! CORRH SCALAR_STAR

SIS18_INTER_MANI_RAMP_FAST_12 Select All CORRY SCALAR STAR

SIS18_INTER_MAMI_RAMP_FAST_12 DIPOLE

SIS18_INTER_MANI_RAMP_KO_12C| |SIS18_RING_EP (0- =3384000) |~ ) UCTRLKO

A S I e e O  Stability: “parameter should be

51518 _KO_12C3.H5.PRO16 SISls:RING_BEAMOUT_INIT - . . . “
SIS18_KO_12C3.HS_REFORB.PROLE 1515 RING INJECTION aszoon| | [|2PTICS - feprO uciole rromii 'tO' i ...
SIS18 POST BEFORE BUNCHING Pl i) 6 pine: BUNCHING (L6800 OREIT
SIS18 POST BUNCHING PRE FAST | [0 om0 o 000 6= | [QUADCORR
SIS18_POST_BUNCHING_PRE_FAST RN a QUADRUPOLE ||
SIS18_POST_IN]_MANI_PRE_FAST_1| g:zi:—ﬁ::g—g%g‘gﬁﬂ'fgé RF i i L
SIS 18_RING POST IXTRACTION || | SEXTUPOLE dkor Serecean - good OP experience provided hysteresis is respected
i 0 I I i'slls—R'le—BEAMl‘)”T—RESH‘?ll Select All Select.. || Hierarchy
OPERATIONAL TEST, MD ‘- Select All Search parameter by name: | @]

Setting par: _ Value ) Target ® Correction Time base: ® Cycle ' Beamprocess

Displayed Function: GS01EQO1EH/UCTRL, GS01BE01EH/UCTRL®2016-07-03 16:29:31, GSO1EO1EH/UCTRLZ2016-0

N < | Controllability: “need affine (but not
necessarily linear dependence between
observable effect and control actuator, ...”

« Observability: “... need to be able to

measure it reliability (noise, ...), ...”
- N.B. interface to experiment's detectors

T T T T
1E6 1.5E6 2E6 2.5E6

e Ry [ Trim Expert Params
Graph |. Table

| ¢
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F_\IR Appetizer: — LSA enabling
Beam-based cycle-to-cycle feedbacks =55 I

Generic Beam Control (focus on use-case) Machine-specific Beam-Based Systems:
1. Trans_mission Monitorir_lg System A _ % « SIS18: multi-turn-Injection (N.B. highly non-trivial,
(R. Steinhagen, FC*WG Meeting #6) 2 % oy complex subject), Slow-EXxtraction (K.O. exciter,
) 3 o spill-structure| ...)
2. Orbit Control (work in progress) 5L9
. I —— S Ecg « SIS100: Slow-Extraction (k.0. exciter,
3. Trajectory Control (threading, inj./extr., targets) § % 2 spillstructurd, ...), RF Bunch Merging and
o > = I
4. Q/Q'(") Diagnostics & Control o @ § Compression
5. TL&RIing Optics Measurement + Control t + ESR, HES.R & CR.: Stochastic cooling,
(LOCO, AC-dipole techniques etc.,) Schottky diagnostics, ..., thd.
6. RF Capture and (later) RF gymnastics Generic:
7. Longitudinal Emittance Measurement « Remote DAQ of Analog Signals (strong
. impact on HKR migration/operation!)
8. Transverse emittance measurement
9. Transverse and longitudinal feedbacks * Facllity-wide fixed-displays, facility &

Machine Status (“Page One”)

« context-based monitoring of controls
and accelerator Infrastructure,

... “the sky is the limit”
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FAl

orbit [mm] _

2016 SIS18 MD's
Proof-of-Concepts

—
@]
]
(0]
o
l
ol
3
—

\/

\\-,,“ & Measurement

e e otk
Liaithiaiian

Beam: 12C6+

*modulo BPM stability/bias

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

Spill Countrate (detector HTMDIAI)
&

[

2. Macro-Spill Feedback

SIS-18:
29 July 2011

Energy: ~300 MeV/u

1. Orbit/Trajectory (e.g.Target-) Steering

— HTMDIAI
— S09DT_ML

KO amplitude

ol

= - [i+] [v*] W ta Fs F
g g B B 8 8 & &
CorrentTh S1878 (SBDT_TIL) [a.

ts] & RF-KO peak-amplitude [V]

tn
=1

0 1000

2000

3000 4000 5000

Time [ms]

6000

courtesy C. Bert, A. Constantinescu, D. Ondreka, M. Kirk et. al.
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FAIR

position [mm]

SI1S100 — p-Target Steering Analysis
P g g y = == 1L

Zoom

> T E i

40 £ 4 |

3 s 3 [

PEE—— Ny - 8 o

1 1

_22 _22 ;
-3 -3
“Chorizontal ! |
550 100 150 200 250 300 350 _ 400 50 100 150 _ 200 250 _ 300 _ 350 _ 400
s [m] s [m]

 Trajectory in transfer line OK (< ~ 3 mm)
» Larger deviations at p-Target: + 2 mm
- Needs some interface definition (BPM near target)
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SIS100 — p-Target Steering Analysis
F'\IR Effect of additional BPM near Target = 5 I

...................................................................................................................................................................................................................................................

ettt e emeaa e eesaaeeee e et e e e s e e aaa e eeeae e e s e e e eee e e e n e e eae e tee e

position [mm]
N W A~ O

P [ O
PSRN,

—horlzontal
_5_|||||||||||||||||||||||||||||||||||1_

50 100 150 200 250 300 350 400
s [m]
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F_\IR SIS100 — p-Target Steering Analysis

Add. Target BPM + shifted BPM before triplet === I
T F
E af
c F
= 3
g F
o 2 o
1= i :
; :
0 £ g
x
y I3 ‘*"
—2
_3f
_4F
_horlzontal
_5|||||||||||||||||||||||||||||||||||1_
50 100 150 200 250 300 350 400
s [m]
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HEBT Beam Diagnostics — CBM
F-\I R F. Hagenbuck & B. Walasek-Hohne (Bl) === 1L

213 SIS100-CBM (T1X1, T1C1, T1C2, TNC1)

[enanoevz] [ws] [wa][en] [wevz]  [wa]  [keve] o [k < HEBT | Experiment
hor ver  hor, ver hor ver hor har, ver wer hor, ver hor, ver
(Mot | [Mo2| [wos[Mot] [we2] [wo3] [mot | [1o1 ] (] ]
PG, MWPC PG PG SCR PG PG MWPC MWPC MAPC n
SCR, BIF MWPC MWPC MWPC MWPC
BPMW BF M BF M
FCT, CCC, RT, PDC RT, PDC POC : )

R B 1215

T1X1 TICH 1k L T 1c2| et
=l M0 MHD & M0 WA MHD
25519 Weglange [mm]

SIS100 T1X1 T T1C2 TNC1
(fast, slow) D (fast{slwr)ﬂam Y TiC2 A1 (slow) W (slow) HADES CBM
(ver.) (hor) trgtpnt  trgtpnt
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FAIR

2.9

HEBT Beam Diagnostics — SuperFRS
F. Hagenbuck & B. Walasek-Hohne (Bl)

SIS100 - SFRS (T1X1, T1X2, T1F1, T1F2, TFF1)

[ktove | kranvz| ks |

horwer  hor, ver har

Mot | [Mo2|  [Mo3]
PG, MWPC PG PG
SCR,BF MWPC MWPC

BPM BPM
FCT,CCC,RT, PDC

25519
SIS100

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

T1X1

{fast, slow)

D

HEBT
|
hor, ver hor hor, ver hor, ver hior, wer
[vor ] [mo2] [Mo3] [mor |
PG PG Pe PG PG
MAPC MAPC MAFPC MIPC MAPC
BPM BPM, BIF BPM ECPT"“C?:'E
RT, PDC RT,PDC RT, PDC

!

Experiment >

Wef:]lange [Imrn
TIX%2
(fast, slow)

i
f
\
r

T1%2_Al(ver) F

ﬂ TIF2 ‘ TFF1
trgt
H

( fast, slow) ot
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F_\IR Exp. Target Steering Requirements

... wish list from an accelerator point of view === I

* Target Steering — FESA integration of Exp. Specific Detectors

(if not already based on Bl standard, N.B. FESA being a front-end server architecture wrapped around whichever experiment control system)
- X(1), y(t), Ap/p(t) + r.m.s. & status bits — cycle-to-cycle feedbacks (ms-level binning)

- target temperature, BLMs & radiation (interlock) levels (if not part of accelerator infrastucture), ...

- for setup (& online, if available): <o,>,<0,> or if available: o,(t), o,(t), 2D distribution

* at target and directly after last final-focus magnet OK 2 1

1 1

1 I

* Beam Performance Indicators & (Micro-) Spill-Structure ' I '

- General Parameters: '

I
* (avg.) bunch length [ns], bunch profile [ns scale] + r.m.s. & status bits o o

* total numbers of particles extracted on target (transmission efficiency) . .

* particles recorded by experiments (accelerator/experiment efficiency), in relation to expected rates (model assumptions:
cross-sections, detector efficiencies) — the real performance indicator ‘integrated “useful” luminosity'

* beam-induced background information (signal-to-background from an experiment point-of-view — input/discussion required)
- primary beam, secondary beams (up-stream/down-stream generated

— Slow spill structure — cycle-to-cycle feedbacks (binning: 1 ms or 100 us, tbd.)
* Binned particle rate dN/dt — total & 'by bunch' (- bunched beam extraction)

* pile-up histogram, spectrum (2D array: 1 FFT per 10% of the spill duration), integrated r.m.s. (from O — detector bandwidth),
detector bandwidth

- Fast spill structure — fast in-cycle feedbacks (future option, priority tbd. — disclaimer)
* proposal: digital optical Gigabit-link (cables pulled to SIS18/SIS100 K.O. exciter, SW protocol to be defined)

GSI Helmholtzzentrum fur Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-27

&2


mailto:r.steinhagen@gsi.de

F_\lR Beam-Based FB Prototype Tests
example: Orbit-FB I= =1L

e ™
GUI/Expert Applications (e.g. “YASP”)
N 4
4 Cycle-to-Cycle FB GU N
User/GUI-Level \_ (Orbit Representation, etc.) J
Data P eSO atION | e e e n
) Reference optics,
N Reference orbit
~ Orbit/Trajectory Controller
/- , , L 4 h
“‘ A simulation 0
------------------- .
Orbit/Trajectory ‘ . . LSA
(JAPC) Abstraction Layer/Testbed  LSATrims
" " - J
Lo
Front-End Tier
4 N LSA Trims
. BPM Concentrator | (JAPC)
Ethernet UDP/IP/JJAPC
mX o X = —
_ Monitor-Frontend _ PC-Gateways
A
U7 o O I
Tunnel : : [ |
- ok L beam response

beam instrument corrector magnets
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_\|R 2016-06-12: First Orbit-FB Prototype Test

B. Schlei, H. Liebermann, R. Steinhagen et al. @ 23:46:13 E 5 ][
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F_\l 2016-06-12: Orbit-FB Proof-of-Concept MD

-

position [mm]

B. Schlei, H. Liebermann, R. Steinhagen I= = ][

Trending

Trending
|_Select BPM... | Averaging [ Bin Size [bunches): 1000 et [ select BPM... | Averaging [ Bin Size [bunches]: | 1000 =
; i ! ! : ' '
Legend -
H —— G501DX Orblt FB Off +Leﬁgsennldnx Orblt_FB On
—— G502DX —— GS02DX
—— '6503DX —— G503DX
G5040X [RENL
—— G505DX —— G505DX
_ —— G506DX —— GS06OX
= —— G507DX = —— GS07DX
£ G508DX = G508DX
- B : - G |
6511D0X 2310% (deselected faulty BPM:
—— G512DX . gs12px | BS07DX)
™
APy ST N e o e
T T T T T T T T T T
&00 200 1000 1200 a z00 400 600 a00 1000 1z00
Time [ms] Time [ms]
< > < >
V |.—-legend | 7 Legend
—— G5010X —— G501DX
G5020% 17 —— GS02DX
e GE R IX . —— G503DX
GS0:40X g—@%{@*\ muuﬁ_ﬁgggfnl; ]
= —— G5050X = i
E . Gsorox E -1- U Gsorox
—— GSOF DX = —
= G5080X = GS08DX
~ GstonX ] T Gstonx
G5100X
~ i
=S 120X
4 4
T T T T T T T T T T T T
] z0n 4nn a0 &0n 1nnon 1700 o 200 400 GDD_ g00 1000 1z00
Time [ms] Time [ms]

>

time

« some workarounds needed, but overall success and results look promising

- need to follow-up: reliability, performance issues related to CO & Bl + detailed integration
before being put into regular operation (— routine operation for 2018 looks feasible)

- N.B. remaining horizontal oscillation due to uncorreted Ap/p mismatch — radial-loop/Energy-FB
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F_\lR Example: LSA-based
Macro-Spill & Harmonics Control I/II I= = 1K

from SISMODI:

eEnergie [MeU]: 150.0
eB-Rho [Tm] : u. 87614

eFrequenz[kHz] : 2811. 561
RO IRres| {0 | SA-based cycle-to-cycle feedback:

e[H ] 4. 29394808 :
- . 5 || SPS Autospill
QU ] e File
eRad.Pos. [mm]: 2.0 © [@ ~ rea spsop
Farkf |"|:”:|U [I"H:] 10 il Control | 4| imensity | Tune H
Cycles 3000 §
. | = 2500 = .
dSO04ME 1E [mrad] : £ oo
= -
t-Extrakt. [ms] : Z...] blue: reference
Spillmitt (0-13: £ 10001 . e ————
e = .| red:ring-DCCT
Spillampl (D-1): [ ™ 9
:_‘.EKtup.]j_a_mpj_ . e inftl bt R 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000
sextupolphase OPERATIONAL =] o Injection Time [ms]
AT . ar H
dQH-total 3 0.035 setting S T —
- a L : —— Exl d -
dQH-primeur : 0.022 [ 317 +Tar'§;'i>£r"§&'22“ e
i ¥ Configuration a K] 30, et
diH ] 0.01 el E ] .r"ﬂ
filter unit 5 E 284 HJ_...-«*"FF
v S 2 i
AkAAL |
ToL extr. int. [%] 95 | 261
AII as00 s000 ss00 6000 6500 7000 7500 8000 8500 o000
smoothing points 10 1 Injection Time [ms]
adaaa aa ||| B[ ' E'mi”": .
Gain 0.25 |35 =
LA 4 12 114
2
| o 1054
1E
. . . B 5 14
Autopilot: low gain|s
| 2 0.5
15
| 094 T T T T T T T T T T
= : 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000
Manual | AutoPilot : T .
: Injection Time [ms]
| Acquire || preparetrim || Tim | [ [om gry. Edition: | None [~] 5 .
No Exception to display...
L4:50:53 - 1) ‘

courtesy V. Kain, J. Wenninger, CERN

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-27



mailto:r.steinhagen@gsi.de

FAl

R. Steinhagen, H. Liebermann

spill raference

mIII\
__._==.

spill, rafarance fa.it.]
T 1T
—_—
-

spilll rate ¢PCT-based) [

»...
w b
T 1T

-
5’>>
=

L1111

T 1T
———

-

1 h)

[~}
=] n
e A L
e S

Fill-to-Fill

spilil, refereince [fa.it.]

a.

>

“ M\M\ Aot AAM\ i

L1 L1 L1 PRI Ao A T L L B T A ' R A

200 1400 1600 1800 2000 2200 2400 2600
timo f[ms]
~0.2p
E] E
io__[: K.0. excitar signal
= E =
=] o
- = |
® = =
g - |
M-O 1= |
y = 4
-] - .
Bg.2b —
B E |
- = 3
yo.sF =
0. 4 550 id00 1600 1800 2000 2200 2400 2600

* some workarounds needed, but overall success and results look promising

FB on dN/dt

(DCCT-based)

trim corractlon

® b

s
"y

2016-07-03: Macro-Spill-FB Proof-of-Concept MD

: ere nce spiil raforance
- PR ] | R
- IUL pll ld e spiil rate ¢pCT-basad) [|
: A
LA A A ) L A i | \\
\ ]

]
by

fa.u.J
[~]

& -

b

w by

- need to follow-up: K.O. exciter power-limitation handling (easily for >10 Tm operation)

* Alternative: FB using fast extraction quadrupole or main-quads
- Desirable: direct FB signal from experimental detectors

1000 1200 1400 1800 2000 2200 2400 2600
timo fmsj]
E K.o. excitar signal E
= S
N W, =
e _.-/—"r‘ =

1000 1200 1400 1800 2000 2200 24a0 2600

— routine operation for 2018 feasible (provided priority/manpower will be allocated for OP/CO integration)
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... as seen in extraction channel

(counters)

s [ sa .
S. 2Zintilla NS 2 O HHD 503 12p3+ 300,000 MeU/u | | Help HPr‘Dgrann END|

‘ 03.Jul 16 10:17:20 ‘Mmuww

20000 “nOrmal’”

GTE1DI1T

|Messzeit [ns] H

|Kanalanzah1‘

-ox

Se

ip s s2 1203+
Zintilla [OSZDI] | HHD 503 C 300.000 MeU/u

Macro-Spill Structure ‘z
|

30.Jun 16 23:49:45 | Heldungen
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FB Dirac pulse response
(bandwidth test)

‘ Help HProgPann ENDE

[ GTE1DIAT

[ sis acc ||+ IE[]

[Messzeit [ms] |[ 2080.000]
‘Kanalanzahl“ 80 ‘

S. Z2intilla

52

USZDI

‘ HHD 503 12p3+ 300.000 MeU/u

[
‘ 03.Jul 16 16:29:20

Neldungen

Macro-Spill Structure
(on special request)
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‘ Help HPrngrann END|

[ GTE1DI1XI

[sis nec [o[+]0E]
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‘Messbereich‘
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‘ Faktor
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[ start || stop
\
\
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‘ Spill ablegen



mailto:r.steinhagen@gsi.de

F-\IR I.:.I.Bwhat's also possible with the Spill- = =

N.B. animated GIF

3 LI ! w %ﬂk T T T T T T T T I T T T T T T T T T T T T 17
B spllil raferencea I

splll rata ¢(DCT-basad)}

spiil referaincea

=

sp¥il rate ¢(DCT-based)

spill, refarance fa.it.]
T

spill, raefareitce fa.it.]
T
-

1 1 J h
B - : il B ¥ ) Bl
0.5 AN PP o P Pt A e.5 U
i —_ e S VLTS - —
— V oy A A A ]
0 0 W h A NI A\ nf
L1 L1 L1 L1 L1 L1 L1 L1 L1 L1 L1 L1 [ L1 L1 L1 LM NV LAY
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= E H ] E N
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] = = = E =l
3 _Ah'\-v-‘,_._ v l : °E =
- 7 - — |
0.1 f = -'-/-% 8.0.1F 5
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tima fms] tima fmsj
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FAIR Comments? Questions?

GSI Helmholtzzentrum fir Schwerionenforschung GmbH
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F_\IR Machine-Experiment Controls Interface
Tentative Summary =5 I

* Beam-Modes & Beam Mode transitions o
/ AN
Exp. (Target) #1 \j‘

- Beam parameter requests < Beam Schedule (aka. “Strahlzeitplan™):
* beam type, charge state, beam rigidity ([Tm]), intensity, spill-rate, ... (more?)
- Beam-Mode Transition for Experiments: 'No-Beam' — 'Pilot Beam, ...
» Special Machine-Experiment Hand-Shake: Adjust - 'Stable-Beams' /
* Interface to Machine Protection (MP) — Beam Aborts:
- Programmed, slow Beam Abort: Exp. 'Beam Mode xxx' — 'No Beam' — cycle-to-cycle basis
- Faster Beam Abort (within-cycle) via timing system (ms-scale) — post-mortem & FMECA for Experiments
- Fast Beam Abort (FBAS): digital optical link (us-scale) —» post-mortem & FMECA for Experiments
* protection against dangerous direct impact of primary beams & SIS100 FBAS limit on false-positive MP triggers « 1 trigger/day (for nom. Operation))
- Non-MP-related spill-aborts: medical-type-operation/dose rate control
* not part of FAIR base-line < issue of activation/where to dump remainder of beam

* Target Steering:

- X(1), y(t), Ap/p(t) + r.m.s. & status bits - cycle-to-cycle feedbacks (ms-level binning)
- Target temperature, BLMs & radiation (interlock) levels (if not part of accelerator), ...
- for setup (& online, if available): <o,>,<0,> or if available: o,(t), o,(t), 2D distribution

* Beam Performance Indicators & (Micro-) Spill-Structure

- General:
* avg. bunch length [ns], bunch profile [ns scale] + r.m.s. & status bits
« total numbers of particles extracted on target (transmission efficiency)
* particles recorded by experiments (accelerator/experiment efficiency), in relation to expected rates (model assumptions: cross-sections, detector efficiencies)

» beam-induced background information (signal-to-background from an experiment point-of-view — input/discussion required)
- primary beam, secondary beams (up-stream/down-stream generated
- Slow spill structure — cycle-to-cycle feedbacks (binning: 1 ms or 100 us, thd.)
* Binned particle rate dN/dt — total & 'by bunch' (= bunched beam extraction)
* pile-up histogram, spectrum (2D array: 1 FFT per 10% of the spill duration), integrated r.m.s. (from 0 — detector bandwidth), detector bandwidth
- Fast spill structure — fast in-cycle feedbacks
« digital optical Gigabit-link (cables pulled to SIS18/SIS100 K.O. exciter, SW protocol to be defined)
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R Cycle-to-Cycle Feedback

example: Q'-correction @ LHC
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F_\l Front-End-Software-Architecture (FESA)

U. Krause et al.

X

TimingMaster ACCNetwork FESA-Software

FEC ( Front End Controller ) |

Some BUS-System

WR-Timing Network

Physical Interaction

Beam

= Here | can put my own stuff = This is provided by FESA

Generically created FESA class code

Event (RealTime)
= external
« Timing Event (Server)
. Hﬂ‘dﬂﬁm_ ) * Get
i 5o v
* Timer #- * Unsubscribe D
il C++ Code, :
HesE provided by the class developer |
1
]
]
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Machine Timing Perspective
F-\IR D. Beck et al. =

[ Control System (application layer)

RS

| LSA (settings management) ]

_______ J.-....
'y
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= =
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e
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----------- el et b Sttty - gt e [y & Tt
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F_\lR Settings Mgmt: Data Supply & Modelling

D. Ondreka (AL) et al. === I
. \ 4 \ 4 \ 4
Physik SIS1SBEAM/BRHO| |SIS18BEAM/QH| |SIS18BEAM/QV
\ 4 \4
logical.S11MU2 /KL SO07MU1A /KL logical.S01QS1F/KL
logical.S11MU2/BL S07MU1A/BL logical.S01QS1F/BL
S11MU2/I}——» S07MU1A/ICORR S01QS1F/I
SllMU2/IDOT\ S01QS1F/IDOT
HW S11MU2 /U S07MU1A/UCORR S01QS1F/U
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F-\lR Accelerator vs. Beam Mode Matrix

No Beam

Pilot Beam
Intensity Ramp-Up
Adjust

Stable Beams

Beam Mode

Post-Mortem

Recovery

N.B. defined per
accelerator/transfer line segment &
beam production chain

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

Accelerator Mode

Beam Operation

e
-
g
Q ",;,'Q_
e e 5 ﬁ_a
2 2 =2 2 § v O
3 2 2 ¢ | £ o £ |0 ¢
& £ E 3 £ § £ E g
2 8 &8 § &8 9§ &8 § 2
w U = ¢ = & £ o o
X X X X X X X X Xx
X X
X X
X X
X
X X
X X

X X X X Machine Development

X

X

N.B. defined per
accelerator/transfer line segment

concatenation of <accelerator mode>:<beam mode>
e.g. 'Shut-down:No Beam', 'Physics:Pilot Beam'
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Glossary I/l
F-\IR 'Mode' & '),/Actual States' == 0K

Mode:

« deliberate user-driven state used to precondition the control system behaviour and responses independent of the
actual accelerator or beam state — 'reference’ or 'desired target' of operation (long-term)

- formal agreement between accelerator operations and experimental users w.r.t. what to expect

» Tracked by operator (initially) and semi-automated sequencer to follow normal operational sequence
- Example 1: 'Shut-Down' - 'Cool-Down’' - 'Machine Check-Out'

- Example 2: ... - 'no beam' - 'pilot beam’ - ‘intensity ramp-up' — 'adjust’ — 'stable beams/production for physics' - ...
- need to limit number of mutually exclusive and concise modes < overhead of settings generation and their checks
* no real-time requirements

Actual State:

» measured current state of the accelerator/beam (short-term)
- perviates accelerator & beam mode definition & equally used as a ad-hoc/post condition

- Examples: Beam-Presence-Flag (BPF), Setup-Beam-Flag (SBF), Injection & Extraction Permit (MP interlock states)
* real-time requirements

» Examples:

- 'No Beam' beam mode declares intend (as an agreement) that there will be no beam in the machine

- 'Beam Presence Flag' is measured actual state whether there is (/was) beam in the machine or not
* N.B. obviously a 'NO BEAM' beam mode & 'BPF=true' should lead to an interlock

» Shouldn't mix ‘'modes' with ‘actual states' to prevent circular dependencies, priority/causality inversions
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F_\|R Glossary I/l ===

Beam Production Chains & Patterns

» Beam-Production-Chain:

- organisational structure to manage
parallel operation and beam transfer

through FAIR accelerator facility Chains

aeon PP L

- defines sequence and parameters of SIS100
beam line from the ion-source up to HESR |1
an experimental cave (e.g. APPA, S1518
CBM, SuperFRS, ... ORI L1 S

- definition of target beam parameters HESR
(set values): isotope, energy, charge,
peak intensity, slow/fast extraction,

« Beam Pattern: Pattern

- grouping of beam production-chains SIS18 _"H I

that are executed periodically i's;go Wi k |

- can be changed of pattern within few
minutes (target, requires automation
for beam-based retuning)

courtesy D. Ondreka
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Glossary I/
F-\IR Example: Chain & Pattern e

Periodic beam patterns, dominated by one main experiment:

Unilac | |
255 1, el el

HESR

+ RIB ext. target (U?*) + Biomat

Unilac
SIS18 ihhhh,hhh
SIS100

CBM + RIB ext. target (U™%*) + AP (LE) W
Unilac TCE‘I'
SIS18 HH HH [ orR ]
SI1S100 W W THE]

ESR

HESR

RIB ext. target (U%*) + ESR

courtesy D. Ondreka
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F_\lR Terminology: Accuracy & Precision
(also ISO 5725) =5 I

Good summary: http://en.wikipedia.org/wiki/Accuracy_and_precision

 Accuracy: “..] closeness of measurements [..] to its actual (true) value”
Reference value

* Precision (also: reproducibility or repeatability): Probability | | ioouray
“[..] degree to which repeated measurements density «

under unchanged conditions show the same results.”

« Example: “Target analogy” and the two extreme cases

< 7 * Value
Drecision

High accuracy, but low precision High precision, but low accuracy

obtained through beam-based alignment we need this from the BPMs

 Resolution: smallest change that produces a response in the measurement
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FAIR

Orbit-FB Prototype Tests Il/II

B. Schlei, H. Liebermann, R.Steinhagen et al.

COAT - controlling orbits and trajectories:

coat-client

-

@&

coat-domain

< p coat-service b

coat-acquisition

% COAT-Application
File
[@ss1s [~] [@c
[ Contexts | Optics | BPM Trends | Sampling | Correction | COD Trends |
Horizontal | Vertical
User Name: SIS.VACC_03 =
8
- - Stant Event 43 Ramp start E
t k t t Start Delay: 0ms = I . f
First workin prototype Swpbet  SRmwes kg old steering reference
Stop Delay: 0ms
Hor. # CODs: 12 -4
T T T T T T
Hor. CODs 200 400 600 800 1000 1200
Element 3 [m] O t[ms]
CSOIMULA 1584) X | [] = —_
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. COAT Application CSO7MULA 109.544] X . I ! ! !
. Co0EMULA 128.004) X 200 400 800 1000 1200
File CSOIMULA 146.064] X * [ms]
: ‘@smn |,| |G c ‘,‘ CS10MUTA 164124 X _
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Contexts | Optics | BPM Trends | Sampling | Correction | COD Trends C512MUTA 200.244] X £ -2
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g 015 =
& ! ! ! ! ! !
H
E @ e 200 400 600 200 1000 1200
e | | -
. — cacoue B 0
-0.05 - 13:02:22 - [cern. sz domein, settings. spl.51andAlone Cyclehmpl] comend selection changed: 5518 FAST 124XEATHSCMP.PROLE
-0.1
I r T T
0 100 150 200
5 [m]
g
H
= 0.05
0 —— .| | I
-0.05
-0.1
I T T T
0 100 150 200
s [m]
smontng 5] pcan cane. [ O
13:01:22 - [cern.Jsa.dom ain.setings. spl.StandAloneCycelmpl] context selection changed: 1518 FAST 24XE43.HS CMP.PROLE ‘
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SIS18 & SIS100 Beam Dumps I/l
FAIR Hard Radiation Limits (C. Omet, RP, et al.) === I

Dump  OfficialName  Losses*
[...]

SIS100 internal Tunnel 110 3-10% Uz%¥/s 2.7 GeV/u 10%
emergency dump (. 9), 1S54SD1

[...]

» 1S54SD1 foreseen as protective dump to mitigate beam-related severe machine protection issues but
should not be used regularly with nominal beam.

2-10% protons/s 29 GeV 3%

» Losses* are shared between ‘regular (un-)controlled losses' & 'exceptional losses'

- Regular losses: losses on electro-static septa for slow extraction (expect for SIS100 ~ 10%)
* (N.B. for comparison: SIS18 operation in 2014 - up to 50% nominal losses during slow-extraction)
- Exceptional losses: real machine-protection events + false-positive MP events
» Strong impact of false-positive beam dumps
» Two paths:
A)Assess & minimise 'false-positive' MP rate — 'Failure Mode, Effects and Criticality Analysis' (FMECA) for Experiments,
similar to what has been done for SIS100 (C. Omet et al.)

* Magnets/power converter are straight one-to-one copy of SIS100 results (hnumbers,
* Do notinclude issues related to SIS100, HEBT (covered in separate FMECA)

B) Implement 'dead-time' after false-positive (& also nominal) emergency beam dumps
* Intrinsic: acknowledgement (= analysis) of post-mortem event + cool down of dump block (if necessary)
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