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F_\lR Accelerator Controls Retrofitting
GS| — FAIR Transition in 2018 =50
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F_\lR Anatomy of FAIR Acc. Control System

R. Baer (department head) et al. === I

Machine-Protection, Interlocks, MASP
Transmission Monitoring, Post-Mortem

Tier 1: Application/Presentation

. FAIR Facility Overview
Applications H Exp. Apps. (Page 1)

(Java)

Tier 2: Business Layer

(Control Logic) i

|

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

T g ‘White Rabbit

\

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

Non-monolithic, distributed accelerator control system

- Standardised open interfaces across accelerator chain
* Full control on accelerator modelling & interdependencies
- Consistency across devices and settings
- Parameter hierarchy (trans. abstraction/separation of: accelerator physics < controls)

» 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, ...

* Easy macro-spill-control,
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F-\lR LSA Parameter Hierarchy

SISMODI

GSI Helmholtzzentrum fir Schwerionenforschung GmbH
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F-\lR Disclaimer for restart in 2018:

[EZL™ Parameter ‘dewer <@asl731>

SOource parameters
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SIS18TIMEPARAM/INCO
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o | K

SIS18BEAM, ELEMENT|
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SISlSBEAMIQ\f_START_END| _SIS18BEAM/ QH_E... |
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BEAMIQH TH... lBTIMEPARAMfT ;Pﬁcnﬂ

? SIS1ETIMEPARAM; INCORPIPL SIS18TIMEPARAM;TROU...| ™~ SIS180PTICS/SIGMA_START_END llSOFTICSfSCALAR_SIGMA|
Tl Y

SIS180PTICS/ TAU_ENDPOINT |SISlBTIMEPARAM,|"BD... |
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FAl

S09 JU0g | TH/HAD 140

11.403
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iFrequenz [kHz] :
i[Teilchen/pAl
iQH

iqu

iRad.Pes. [mm]:
IstFrequ. [kHz]:
Bump.Flank[ps] :
Bunp.Anpl [nml:
BpTacho [mn/us] :
Chop.Uerz. [nsl:
ChopFenst . [ns] :
BpUeglangelnml: 14.375
dU-Ready 10002
dTK7BC1L [mrad] : 0.0
dTK7MUS [mrad] : 0.
dS12MU3T [mrad] : 0.
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: 0.416E+07e[Teilchen/pAl :

InitWerte

Disclaimer: KISS Restart in 2018
SISMODI — ParamModi (function-equivalent)

eEnergie [MeV]:2000.0
eB-Rho [Tm]:
eFrequenz [kHz]

eQH H 4.
equ H 3.
eRad.Pos. [mm]: -2.4
Parkfrequ [kHz]

dSO04ME 1E [mrad] : 0.
t-Extrakt.[ms]: 1008.0
Spillmitt (0-1) 0.52
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Sextupolampl. 0.75
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dQH
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I T I T T IR 1T T YT
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test SIS18_FAST_COPY4.Y3 Display Mame DISCRETE SIS 1BBEAM /IM|_BRHO 4.145195674489114 Tm
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Display Mame DISCRETE SO0ZZ/TIMEOUT _UNILAC 10 H
Display Mame DISCRETE SIS LBBEAM /IM]_EMIH 1.5E-4 T rad
Display Mame DISCRETE SIS LEBEAM [IM]_EM v 5.0E-5 m*rac
Display Mame DISCRETE SIS 1BBEAM [NPARTICLES 2. 0E11
Display Mame DISCRETE SI518BEAM [IS0TOPE 238
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F-\IR FAIR Control System Documentation == 1L

Good entry point:

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

Specifically, some more meat in:

Glossary: https://lwww-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/WhatlsFESA
LSA: https://www-acc.gsi.de/wiki/Applications/LsaMainPage
- https://www-acc.gsi.de/wiki/Applications/LsaPresentationsAndPublications
- https://www-acc.gsi.de/wiki/Applications/LsaFrequentlyAskedQuestions
- https://edms.cern.ch/ui/#'master/navigator/document?D:1935804008:1935804008:subDocs

Applications: https://www-acc.gsi.de/wiki/Applications/
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FAIR LsA-based Cycle-to-Cycle Feedbacks i = 1

... open to all accelerator
Generic LSA trim interface: parameter that fulfil basic control

£ Trim Editor (v9.2.0) it h y . . .
it = theory criteria.
Parti

]

Cycles icle Transfer Parameter selection - No Particle transfer
Filter: ‘ @ NorthExtraction |=| Parameter Groups  Type Groups
T T IETE <1 [SPsInjection RF 5-M PARAMETE=] [a fee [ @)
" —| |SPSRING = | |RF SYNCHRO K e Gl
T2Transfer | | ||RF TDAMP MD FGC_91/REF.| SPSBEAM/ QV
T4Transfer '~ | |RF TRANSVERSE D. IMAINS
RF TWC 200 IREF

Select Al RF TWC 800

SPSRING_BP Bear"ul:::'msses SERVO SPILL g i“°
ey o IRl o< oaomrol | « Stability: “parameter should be
SPSRING_2INJ14_L1260_2009 (200- >14€ | |SPECIAL MAGNETS i - - . 114
e T ~ reproducible from fill-to-fill ...
ISPSRING[3- - >0] (9290- >10800) - NONE =

Q20| 1] 0 I I ,‘_ ] IC Select All

Q20_20 -
| Select All Select ... Hierarch:
li 1} AT 1 I I ‘ =

OPERATIONAL - Setect Al searcn by name:| [0 - good OP experience provided hysteresis is respected
Setting part: ® Value ) Target ) Correcti ion Time base: ® Cycle ) Beamprocess ) Injection

%Trim

_ W/'.‘a,\ ,,/' « Controllability: “need affine (but not
NI Y kr/"” necessarily linear dependence between

‘ observable effect and control
actuator, ...”
26.45 L”)l,

T T T T T
2000 4000 6000 8000 10000

2 [{l“? [ Trim Expert Params
Graph | Table - “
| .|+ Observability: “... need to be able to

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

Generic Beam Control (focus on use-case)

1.

Transmission Monitoring System 2

(R. Steinhagen, FC?2WG Meeting #6)

Orbit Control (work in progress)

Trajectory Control (threading, inj./extr., targets)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

N

Bread-and-Butter
systems for OP

Q/Q'(") Diagnostics & Control J

. TL&Ring Optics Measurement + Control (Loco,

AC-dipole techniques etc.,)

. RF Capture and (later) RF gymnastics
. Longitudinal Emittance Measurement
. Transverse emittance measurement

. Transverse and longitudinal feedbacks

Appetizer: — LSA enabling
Beam-based cycle-to-cycle feedbacks

achine-specific Beam-Based Systems:

SIS18: multi-turn-Injection (N.B. highly non-

omplex subjec

spill-structure, |..

M

L

)

q') [ ]

—

[e') .

-— trivial, ¢

2 exciter,

(0))]

S

%‘ spill-structure,
ko) Compression
l

), Slow-Extraction (k.o.
)

SI1S100: Slow-Extraction (k.0. exciter,
...), RF Bunch Merging and

ESR, HESR & CR: Stochastic cooling,

Schottky diagnostics, ..., thd.

Generic:

« Remote DAQ of Analog Signals (strong

impact on HKR migration/operation!)

» Facility-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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FA

orbit [mm] _

2016 SIS18 MD's
Proof-of-Concepts

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

A

20 .velac/ranatitinne. ovar L. .min
IV Uy ulCDIlClJ = LILIVTNTS UVCI fORR RN
— reproducibility* ~ 10- 200 um!!
\./ \v- -
Vv

M....,.A\J
bl ]

*modulo BPM stability/bias
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Spill Countrate (detector HTMDIAI)

2. Macro-Spill Feedback

Measurement
Beam: 12C8+
Energy: ~300 MeV/u

SIS-18:
29 July 2011

[

— HTMDIAI
— S09DT_ML
KO amplitude

0 1000 2000 3000 4000 5000
Time [ms]

B000

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

—> > —>
time time time

J.Pietraszko, HIC4FAIR Workshop, Darmstadt, February 26 ,201¢



F _\lR Beam-Based FB Prototype Tests
example: Orbit-FB === 1L

i GUI/Expert Applications (e.g. “YASP”) j

a Cycle-to-Cycle FB GU N
User/GUI-Level \ (Orbit Representation, etc.) J
Data eSS eIaNION e e e
Reference optics,
/ ] ] h Reference orbit
~ Orbit/Trajectory Controller
N 4
/// . . I 7\\\
| 4 simulation o
Orbit/Trajectory | oo . : LSA
(JAPC) . Abstraction Layer/Testbed  LSATrims
Lo S
Front-End Tier 7
& > LSA Trims
.BPM Concentrator (JAPC)
mx 7 Etht?rrilst\UDP/IP/JAPC nx -
C Monitor-Frontend ( PC-Gateways
A
DU ACe e el
Tunnel . . ¥ :
- L L L beam response H '
T T saaT e
beam instrument corrector magnets
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F_\IR Orbit-FB Prototype Tests /Il
B. Schlei et al. I= =1l

COAT - controlling orbits and trajectories:

coat-client je—#| coat-domain [« » coat-service <« » coat-acquisition

X COAT-Application
File
[@ssis [-]6c 1]
Contexts | Optics | BPM Trends | Sampling | Correction | COD Trends
User Name: SIS.VACC_03 Hor. # BPMs: 12 Begin Time: 2ms + /- Range [mm: IPE —— S
Circumference: 216.72m Ver. # BPMs: 12 End Time: 1274 ms 9 2 = :
T
L] M E Tata
®
ol - — [ |
] -
_14
] 50 100 150 200
s [m]
- T
X| COAT-Application £
File * s
[2] 4] '
[z [¢] %] , [ — —
Contexts | Optics | BPM Trends | Sampling | Correction | COD Trends
i Vertical =25
User Name: SIS.VACC_03 E 14
Start Event: 43 Ramp start E 2 ! 1 ! !
Start Delay: 0 ms % 15 0 50 100 150 200
Stop Event: 52 Flattop end q s [m]
Stop Delay: oms o
Hor. # BPMs: 12 - [ ire: [ 5 it [57
] smoowing |2 acqune cataia B
Hor. EPMs 0.5 12:49.28 - [cern 152 domain settings.spi. StandAlone Cyclelmpl] context selection changed: SI518_FAST_124XE43 HSCMPPRO1S ’
Elernent s [m] On d
G5O 1DXH 17455 % | [4] -
G502DXH 35.515[ x 1.5 : T T T U T
G503 53575 X 200 400 600 800 1000 1200
G504l 71.635) X t[ms]
G505 89.695) X
GS06! 07.755[ X =
£
coe7 25.815] O H /2 = o=
Gsosl 43.875] X =
G509 61.935) X
G510 79.995[ X v
GE1ll 98.055] X
Gs12 16.115] %
o T T T T T T =
: Start continuous
1 » t[ms]
smoving: |7 Acuie carue: [
12:49:23 - [cernisa domaln. sertings spi.StandAloneCyclelmpl] contex? selection changed: SIS18_FAST_124XE43.HSCMP PROLS I3
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FAIR

B. Schlei et al.

Orbit-FB Prototype Tests I/l

COAT - controlling arbits and frajectories:

coat-client g

coat-domain

-

<—p coat-service #=—b

coat-acquisition

X/ COAT-Application
File

[ Contexts | Optics | EPM Trends | Sampling [ Correction | COD Trends |

i [ venical
User Name: SISVACC_03 s
;
Start Event: 43 Ramp start g
Start Delay: oms E
Stop Event: 52 Flattop end E
Stop Delay: 0ms
Hor#CODs: 12 -4+
Hor. CODs 200 400 600 800 1000 1200
Element sim) | o
GSOIMULA 1584) X | [4] s
CS0ZMULA 19.644| X ]
GSO3MULA 37.704) X E
CSO4MUZA 59.352| X %
CSOSMULA 73.824] X
CSOEMUZA 35.472] X
| COAT-Application GSO7HMULA 09,944 X T T T T y T
= CSOBMULA 28.004] X 200 400 600 800 1000 1200
Wl CSOSMULA 46.064] X
CSLOMULA 54.124] X timsl
] T Y R T R .
Contexts | Optics | BPM Trends | Sampling | Correction | COD Trends GS1ZMULA 00244 X £
User Name: SIS.VACC 03 Hor. # CODs: 12 Begin Time: 2ms o)
Circumference:  216.72 m ver. # CODs: 12 End Time: 1274 ms -3
g 01
g™ 41
H e @ 2ms | =] ; ; ; ; y y
E o =] 200 400 600 800 1000 1200
* 005 - T tms]
0 — — Smoothing: H cateutate: [J8 [ commit
-0.05 - 13:01:22 - [cern.lse.domain.setiings.spi.StandAlone Cyclehmpl] context selection changed: 5I518_FAST_1 24XE4.HS CHP.FROL6 /
0.1
] s0 100 150 200
s [m]
Iculate correction
0 I |
-0.05
0.1
T T T T L
' " “trim” = send to LSA
s [m]
Smoothing: ] cateutates [ [
13:01:22 - [cern.ds domain.setiings. spl.StandAlons Cyclelmpl] context sslection changsd: 515 18_FAST_124XE4 3 HS CMP FRO16 ‘
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2016-06-12: First Orbit-FB Prototype Test
B. Schlei et al. @ 23:46:13 === 1l
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F_\' 2016-06-12: Orbit-FB Proof-of-Concept MD

-

position [mm]

B. Schlei, H. Liebermann, R. Steinhagen I= == Il

Trending

Trending
|_Select BFM... | Averaging [l Bin Size [bunches]: 1000 il [ Select BPM... | Averaging O Bin Size [bunches]: | 1000 A
5 . N -

H Legend b T ffl 5 — b ' '
= B Or It_FB 0 —— G501DX OI’ |t'FB on
= R l20x —— G502DX
—— '6503DX a2 == G5020X
= SoEnk - G504DX
—— G505DX ] B e

= = (S —— GSOBDX

E —— GSO07DX = -
=2 AETES £ G508DX
* T aionx = — Gs09DX
G511DX T (deselected faulty BPM:
—+ G512DX — 5s120% | GSO7DX),
ot
e : - & ¥ B ey
T T T T T T T T T T
600 800 1000 1200 0 zo0 400 &00 500 1000 1200
Time [ms] Time [ms]
4 > < >
V i 27 Legend
— G501DX —— G501DX
7 SO20% 17 = GS02DX
s GEOIDX —— G503DX
LG504DX 0 e = E;:;I[Jl;
—— G505DX = ﬁ;ﬁ; -

B —— G506DX E | — GS06DX

E —— G507DX E — Gs07DX

= G508DX =

—— G509DX -z —— G509DX
6510DX G5100X
toT == 65120X

= Gs120% —

a4
T T T T T T u U T T T T
0 -00 0 - - 2600 . 0 200 400 £00 500 1000 1200
i 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

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-03
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Example: LSA-b

FAIR

from SISMODI:

eEnergie [MeVU]: 150.0
eB-Rho [Tm] : 07614
efFrequenz [kHz] : 26
eTeilchen [pA]:

eldH

ased

Macro-Spill & Harmonics Control I/l

to LSA-based cycle -to- cycle feedback:

£ SPS Autospill #

g ®

e
eRad.Pos.

File

[r'"']] . 3 = RBA: spsop

ParkfrequlkHz] :

Control | :

Cycles

Filer: |

dSO04MELE [mrad] :
t-Extrakt. [ms]:
Spillmitt(0-1):
Spillampl {(0-1}:
Sextupolampl.

Sextupolphase OPERATIONAL
digH-total ) .035 r— 5
dQH-primeur 3 I]_ N2z
N F Configuration 2
diH 0.01
AAAAA
filter unit
v
AAAAA
Tot. exar. int. [%] 95
LA
Add
smoothing points 10

v
AAAAA AA
Gain 0.25

LA 2

Autopilot: low ga

Manual | AutoPilot

‘ Acquire H Prepare Trim H Trim |‘

Requilgxt. InL increase =
2
w
o L
1 |

Intensity rTune H

blue: reernce
red: ring-DCCT

Ring Intensity

1000+

T T
6500 7000
Injection Time [ms]

T T T T
4300 3000 3500 G000

[ [O[&]-] cuon : :

T T T T
7300 8000 8300 9000

329 Teqend
—=— Extracted mmnsny .

g 317 —— Targel extracted - ”.H"""*
2 3u- .rv/,,.r**' e
g

29+
2 e
= 28+ il
S ‘—'1_‘ o
E 271 S S

261

T T T T T T T T T T
4500 5000 5500 6000 6500 7000 7500 8000 8500 2000

Injection Time [ms]

S N R — :

= Legend
—o— Required Bxt.Int.increase
—=— Ref Data

T
7000

T
6500
Injection Time [ms]

T T T T
4500 3000 3300 6000

T T T T
7300 8000 8500 9000

Mo Exception to display...

|14 5053 - [

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

courtesy V. Kain, J. Wenninger, CERN

Ralph J. Steinhagen, r.steinhagen@gsi.de, 2015-02-24

18


mailto:r.steinhagen@gsi.de

FAIR

Example: LSA-based
Macro-Spill & Harmonics Control [/l

|= SPS Autospill :

File

 [E ~ rea:spsop

Control |

:f Intensity |/TuneH |

Cycles

| NON_MULTIPLEXED 5P5

FE_HIRADMAT
FEI_LHC

LHCMD_25ns_SLOW

OPERATIONAL

Setting

Configuration

FYYYVYY

filter unit 5
v

FYYYVYY

ToL extr. int. %] 5
y

FYvYy

smoothing points 10
v

AAAAA AA
Gain 0.25
Yy

Manual | AutoPilot

Tune H

Tune H

| Acquire || Prepare Trim H Trim

; Legend
i propoesed tune H

260 h
26.55 |
26.5

26,45

existing tune reference change

T
0 2000

T
4000

6000
Cycle Time [ms]

gooo 10000

= Legend

—e— proposed tune H
—=— original tune H

26.61

26.6
26.59
26501 original tune
26.56 d t
26,357 T T T T T T prop.ose l.Jne
4300 5000 3500 6000 6500 7000 7500 8000 8500 9000
Cycle Time [ms]
M | g, |'| Edition: ‘prupused tune H |v| b B |4 = IS
0=
e d cti H
s oge o e proposed tune correction
e,
-0.001- M-’_._r"’
B /
-0.0015
45IIZIIJ SIZIII]I] 55IIZII] GIJII]l] 65h0 TIJIIZII] ?5ll]l] subu BSIIJIJ gﬂhﬂ

Cyde Time [ms]

No Exception to display...

‘14 5053 -1

The Autospill interfaces via the standard LSA trim client

(API) — trim history, propagation to other parameter...

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Ralph J. Steinhagen, r.steinhagen@gsi.de, 2015-02-24
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FA

R. Steinhagen, H. Liebermann

Fill-to-Fill

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

[

b
w

spill, raference [a.it.j

b

F:‘ LI T T LI T T T LI
s L
& r \‘V\ splil rafaronce
-k
2 L
g
§z2.5
3L ¥ [
b spill rata (DCT-based}
s F I
- L _
b A
B o0 / | /\ﬂ ]
1.5 / U."'
H \U‘\
B 3 Y l
0. u M\M ;
v vr\d‘l rf\ AA A\ fy
11 | 11 11 | L1 1 11 | 1 Y |{ \i ‘ u'l vl u 'l}\ Il
800 1400 1600 1300 2000 2200 2400 2600
tima fms]
~ 0.2
30.1f K.0. exciter signal
y F +
k] o
s ef =
5 E 3
g = 3
S0.1fF =
N = 3
=] = =
Sg.z2 -
] = 4
5 FE E
Y. E 3
0.4 g5 7200 7600 1200 2000 2200 Z400 2600

FB on dN/d

(DCCT-based)

S

fa.u.J

o

trim corraction

oW N e @ N

s T

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

- 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

T T T T 1T T T T T
B o
r 'e rEl n C‘Q spill referance
I~ ’ —
o] 1
L4
r S p r(a e spill rate (DCT-based) ||
DAL AN AL T\ i i (A R '\\r\\\
L1 1 11 | | 11 | 11 | L1 1 11 | | 11 |
1000 1200 1400 1600 1800 2000 2z00 2400 2600
timo [ms]
= R.o. exciter signal H
:’n J-.l—’_
W, =
B To00 1200 Tio0 7600 TE00 2000 2700 7400 z6a0

- routine operation for 2018 feasible (provided priority/manpower will be allocated for OP/CO integration)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Ralph J. Steinhagen, r.steinhagen@gsi.de, 2016-07-03
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F-\IR ... as seen in extraction channel (counters) == 1L

S. zintilla USSZZDI HHD 503 1203+ 309000 MeU/u \ ‘ Help Hpr‘ogrann END|

03.Jul 16 10:17:20 | Heldungen

[ GTEiDI1iT |
[ sis acc  |[a][+][31]}
20000 “normal” [Messzeit [nsl || 1067.00

. ‘Kanalanzahl“ 100
Macro-Spill Structurer —

S. Zintilla ‘USS:DI | HiD 503 1203t 300.000 MeV/u | ‘ Help HProgrann ENDE‘

‘EU.Jun 16 23:49:45 ‘MMWWH

FB Dirac pulse response [ste oee IR

[Messzeit [ns] || 2080.000]

(bandwidth test) [ Kanatanzany |50 |

s. zintilla U::DI ‘ HHD 503 1203+ 300000 MeU/u ‘ ‘ Help Hpmgrann END|

‘ 03.Jul 1B 1B6:29:20 | Heldungen

:
Macro-Spill Structure [sis acc R [E]]

[Messzeit [ns] |[ 2000.00

(on special request)  [canatanzant |

|Kanalbreite ns‘

| Delay [ms) ‘
| Schuelle ‘

|M655bereich‘

| Messmode “nanuell

|Dﬂten5tatu5‘buerrang
| Count “ 1
[ Faktor ][ 16313.33]
|ﬁusgabe auf Count Anzeig

[ ebcu ][ LED

Messung

Start |[ Stop

Skalierung

autonatikl‘ manuell

16:29:44.41

Spill ablegen

|
|
|
\ 3.25E4+09
|
|
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F-\'R ... What's also possible with the Spill-FB

N.B. animated GIF

-3 L T 1 L L LI — L e e e e T -3 L T T T T T L T T T T LT T |
: L [ ; - w % [
ks [ spiil refarence [l ki [ spill raferance [
L L
2 I g T I
E 2.5 H E 2.5 H
9 - H ] - v H
‘S spiil rate (PCT-based) ‘S spill rate {(DCT-basad}
N [ [l ~ B [l
~ L - ~ L —
o o
= = A
a 2 a 2 ‘J
" L - ) L -
1.5 1.5 uﬂ'
1 M 1 ‘| b
C . : 1 B v y 1
a.5 P PR LWL W Y AP a.5 i)
T — P s B e — —
— Y = S A A »l ]
0 0 WAr A {8 Ay nf
L1 1 L1 L1 1 L1 1 | - L1 1 L 11 L1 1 L1 1 L 11 L1 1 L1 1 L1 L1 1 L1 1 1 1 1 T 'Ir \'I ‘. u ‘ v 1 u 1 )I 1
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 So0 I000 1200 1400 1600 1800 2000 2200 2400 2600
tima jms]| itima fms]
-0.2— - -0 2 n
] E H El E [
E:”- I: K.0. ezclitar signal ; 5:”-1 : K.0. egcliter signal ;
= = = = E =
3 01\1\__ i E 3
W | w = =
fos A A B : E E
2o.1f A - fo.1- |
’6 = pun| ‘é‘ = |
Y.z — So.zf -
E = | E c .
30.32 = 3030 =
-0. 4 ggg 1000 1200 1400 T600 1800 2000 Z200 Z2400 2600 0.4 goa 1000 1200 1400 T600 1800 2000 2200 2400 2600
time [ms] time fms]
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FAIR
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FAIR Cycle-to-Cycle Feedback

example: Q'-correction @ LHC

I—
I
O

w
3

energy [TeV]

- QV all measurements

0.5

- QH all measurementsL
.

3.5

|
LT T T T i
w

energy [TeV]

— 20 . . . — = 20 .
o SR |
Q L N =, o L
2 . L =12 .
3 El (=
2, 1 22
- 25 © ey
m i (a8}
2 . £
5 R |
L
S Bl 5
S : S
i -1
- —— Q, all measurements || i
- —— Q, all measurements| | 0.5 L
N = -
Py 20 T —_— — 20 T
\Q_ - n 3.5 % E_ ’
Q L B = | B2 L
= s slIE s
= 15 13 o
g i ] = | [} -
<. H ] 8 h i n
- . +25 9 ey C
0 10 0 10-
P : 2 7
© o2 ‘©
o %é§ ] © Sewa,
5 . 5
£ ﬁ 1115 £
9 % 1 9
< n N r
() o 14 O of
- / —— Q_ions only ] i /
L ~ Q, ions only +0.5 I
- 0 200 400 600 800 1000 1200 S5
time [s]

—— Qions only
-~ Q, ions only 1

0 200 400 600 800 1000 1200

time [s]

0.5
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