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Outline: Status

N

® Components
= Diagnostics, Correctors, Set-Up

® Performance

m Per fill, day, week, months
® Problem Areas

» Residuals, transients

® Conclusions
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Orbit Control @ BESSY

® Basic System Parameters:

x 112 RF BPMSs, 16 bit, 1nm res. (0.1s avg.)
= 16 XBPMs, 25 SPMs, 1 TPM, 2 Pinholes

= 64 vertical, 80+1 horizontal, 3mrad
Correctors + 1Hz precision RF

= 2 sec/orbit, 6 sec/correction cycle

= model based response matrix

= Weighing factors 1 for RF BPM, O for XBPM
= 50% significant SVD eigenvectors

N
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The BPM Systems

transfer line

1. Storage Ring - Closed Orbit 0.8 - 1'9,96\/
- Accurate (1 mm) 7 BPM's™.,
- Reliable

- 1 Hz Application Update Rate

2. Storage Ring - Single Turn
- Fast (800 ns / turn)

3. Injection system
- Fast (5 kHz sample rate)
- Flexible

Specialized
Modes for
Booster,
Transfer line
and Storage

Graphical Use

e D
Eif
S

——

\

BPM - Control

Program

Beam-Line
Model

ring

Data

collection via storage ring

network 0.8-1.9 GeV '
118 BPM's CI d Orhit

handshake < Single Tum

64 BPM's Single Turn

20 m



BPMs Storage Ring: Closed Orbit

BPM

ADC

O
.
0
-
.
-

ADC

BPM

Performance:
Dynamic range 10 mm
Accuracy ~1 mm
Required current 100 mA
Update rate 1 Hz

EPICS: TCPIP

BPMs Storage Ring: Single Turn

4® 1 MUX

BPM

64x

detector

gain control

rigger delay

EPICS: TCPIP

— timing: main clock

»

Performance:
Dynamic range  +16 mm
Accuracy 1 mm
Required current <100 mA
Update rate 0.2 Hz




/‘\

Precnse Photon BPM Systems

4-Blade Spectrometer XBPM

{detector head)

Ver.: Staggered Pair
Monitors SPM

Hor.: Transversal
Position Monitors TPM

BeO
Undulator/WLS XBPM (AIN)

v cloverleaf
collectors
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Corrector Pattern Diagnostic Means:Electronic + Photon BPM
Precise, Reliable, Fast, Complementary

4-Blade Spectrometer XBPM [past of dagnoatic roat ex
ke ad!

@
o

N
(3]

N
o
[IouUNy Uolisiadsip

—
(&)

'@ﬂwemoﬁicq
HS VS

\M ethod

T

1 Measured Correction ﬁ@d\ .

lNOISei [ e [ ") Problem not well confined:
J =|ocal vs. global scheme

ooy =feed-forward vs. drift control

=orbit easier than tune/b-beat

Orle



Orbit Kick Compensation:
Feedforward-Tables (+Offset)

N

1 l New Field [T]
WITlﬁ:SEt

Orbit
Correction W7IT1R:Stl:set _WVITIR{MPiset , W7IT1R:St2:set
PHW7I1T1R:set Q 0 PHW7I2T1R:set

PHW7I1T1Rtraw:set ¢ n S R —

W?ITIR:Sti:raw_seti = & W7LTAR: Stoiran set

Digital Kick S S Kick

/O Corrector  Side e Corrector

Main
. , Pole
Internal Conftrol

Insertion Device:
Superconducting Wavelength Shifter
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Tune/b-Beat Compensation:

Storage Ring Quad Offset Terms

/\

Tune Correction

Group D—

/
| \ >
> 7 S/ ,..,/h
vY/ m \
*r// | M
set” Y
57 : I ID1:gap
77 Quad 8
Y[\l
{ ]' |
I'U y ¥ - nseri
[ —— D1 :set nserion

‘raw:set 1 Ee“*”i;e ;
eedforwar
dd2 3

Quad 1

Group T

31 /E

,f/ 2
v /
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~ snommr |

Orbit Correction ’m

Software: sate et

Vertical Horizontal
Mean:| 000257 || -0.00009
RMs: | 010711 | 008420

Versatile,

Accurate,
A].].- II]' One S-Matrix Me(:hml;::lt Tn:::np Mode |

Cut Off Ampl. [mm]  Angle [mrad]

Working Horse e

PO ik A4
1.0 0.20 0,08
r Frr Tr ¥ r T

Tune Hor |§1783398 Ver |je_69629

Average #: |§1.0 W~ Clip: |o_4:000

*Continous Mode’:;

® || Exp.S-h. Har - | Wer |

1 Orbit / 2 sec

D |5

Read Orbit
Calculate/Set
Settle/Discard
Read Orbit

Orbit Display and Control Interface

1 Corr. / 6 sec




System Performance: Metrics

N

m Stability: per fill, weeks/months
+ orbit typically stabilized at 106/112 BPMs to
better than 10mm/fill, 2mm fill to fill

s Reproducibility: spanning different user
neam time slots: beam based calibration

s Reliability: MTBF, hardware faults, DAQ
nroblems, controls failures: <0.5/month

s Human Factor: protection against faulty
operation, ease of use + understanding

+ Key to problem tracking: action, data logging
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1 hour example: RMS Stability

_Ej_ 0.007 -,

0.1 mMm noise’

Orhit

Vertical Plane

Measured Orbit

¢

A

N |1
i

0.006 =

it

0.005-

0.3 mm drift’

1 -2 mn transients’

[
-60

(20:23:25, 0.00635127)

{Minutes)

I
-Z20

I
21:19:55
Mov 22, 02

MDIZITaG:Ita0
(3,12)
MDIZ3TaG:current

mA
(100, 260}
BPMZR:avyV

mm
(-0.005, 0.005)

RMCOTV
(0, 0.01)
RMCD3V
{0.005, 0.007)
RMCDZY
{0, 0.01)
RMCD4V

{0.005, 0.007)

BPMZR:avgH

¥ mm
(-0.005, 0.005)

BPMZR:rmsV
T
(-0.05, 0.05)
BPMZR:nmsH
mim
(-0.05, 0.05)

LERRUIE K

Roland Miller BESSY
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24 hours example: Avg./RMS

Orbit MDIZITS G50
0.014 (3.12)
MDIZ3TaG:current

mA
{100, 260)
BPMZR:avgy

mm
{-0.005, 0.005)
RMCOTY
(0, 0.01)
0.008

Vertical RMS

N

(D, 0.07})
RMCOZY
(0, 0.01)
RMCO4v
(D, 0.01})
BPMZR:avgH

E
E

0.006

-

=
=
=2
o
=
=
=
on
=

BPMZR:rmsY

mm
{-0.05, 0.03)
BPMZR:rmsH

mm
| (-0.05, 0.03)

Average

Positions:

0,004

<0.2 nm

Horizontal RMS

0.002

0

! T
-16 -14 -1z -10 -8 -b -4 -2 21:07:44
[13:71:47, 0.000753494 Hov 22, 02

LIESRIE K J
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Stability during Start-Up Week

¥R
v R

T T T Z
S5:8
EZE 2

Vertical

v)“ | RMS

Per fill: \
1.6 nm ver. = | / il ‘

0.75 nmm hor.

|

) Horizontal

RMS

Fill to fill:
0.2 mMm

2.5 mm hor. jJump
Hysteresis of | -shifter field change

FFFFFFFF 00:00]

Roland Miiller BESSY Beam Orbit Stabilization at BESSY Il - IWBS '02 — Spring8



N

Steps: e.g.
Monday
mainte-
nance,
Mistakes,
Changes

User Shift:

eRecalibrated

MD finished

Roland Miller BESSY

Shutdown

Stability 2002: 6 month raw data

Shutdown

M

02:00:00
Aug 01, 02

(Weeks x 5

uto SEa\EH Interpolate:  Discrete H Export| Print
05/07/02 00:00:00, 11/29/02 00
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UES56 brakes: ™1

Transient Perturbations

Orhit MDIZ3T5 G50
(3,12)

Adjacent Hor. Correctors Ly o, ™

Magnetic
drives.
Horizontal
“spikes’ of 1-3
mm RMS.

0.008+

Complete
compensation |
difficult.

Discontinous
ID-feed-
forward tables
similar.

(1=

Gap

RMCO3V

{0, 0.01)

RMCOZY

RMCO4V 1

{0, 0.01)
H54P1 D3R:set 1

A
{-0.17, -0.163)

I MCLKHX251 C:freq I

{499644, 499644)

I UESEID3R:3BasePmGap.B I
{-10, 10)
l JUESEID3R:BaseFarGapsel.B|

{25, 27)
/i s N |

|
I
{0, 0.01)
I
|

I H54PZD3R:set 1
A
{0.133, 0.138)

T
-6

(20:21:32, 0.00653128)

T 1
-20 20:39:23
Mov 25, 02
(Minutes)

CIEIZRUIE Ik
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" Hardware repairs,
modifications.

" Hysteresis
= Field Cycle of | -

posH (mm}

shifter: strong dipole
Kick compensators.

= Minor adjustments of
optics: ID feed-

forward, tune/
chromaticity

adjustment.

Roland Miuller BESSY

Step Function Changes

Q.02

0.00 Wi o e iJ
-0.02
-0.04

-0.06

Iy
| -Shifter Field Cha i
(IJ FIJ 1ID 1‘5 2‘0 2‘5
TimeOfDoy (h)
Jmnt/opi/apt/OPI/Archiving/ete/Orbit /2002 /Movember /BPM-2002-11-20.dat

TimaOfDay (h)
/mnt/opi/apt/OPI/Archiving fete /Orbit /2002 /November /BPM_2002-1 1-20.dat
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" | He refill of super- . - :
: : T 60206 .
conducting | -shifter :
L : C 602041 ]
modifies field. S ook
" Decay of SC eddy gO;OO: Field Change during Refill ]
currents (—1h). o o
: 08 May, 2002
® Uncalibrated path _
length correction of | - £ost
shifter cycles: slight &5
beam energy changes. :
N = |

Other Uncorrected

Roland Miller BESSY

Residuals

<2
e
o0

Response at XBPM

10:00 11:00

08 May, 2002
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BPM Failure Detection/Repair

® MTBF: —2 month

" Remaining
malfunction hard
to detect
s E.g. exotic oscillator

output level causes
erroneous readings

" Beam-Based )
auto-calibration 3
not yet

Implemented

Roland Miller BESSY

0.02

0.01

0.00

-0.01

-0.02

-0.03

-0.04

0.03

D.02

0.01

D.00

-0.01

-D.02

-0.03

-0.04 |

Calibration jump |

1 1 1 1 1 1
0 5 10 15 20 25,
TimeOfDay (h)
/mnt/opifopt/ 0P /Archiving/ete /Orbit /2002 /Qctober /BPM_2002-10-02 dot

Erroneous reading

1 1
0 5 10 15 20 25,
TimeOfDoy (h}
/mnatfopifopt/ 0PI /Archiving/ete /Orbit /2002 /October /BPM_2002-10-02.dot
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Problem Tracking Facllities

® Comprehensive signal archive (—8000
channels): time, source-effect correlations

® Operator/Program action logging:
Irregularities, misunderstandings, malfunctions

[Rl[e]
Warn
Warn
Warn
Warn
Info
Warn
Warn
Warn
Info
Infa
Warn
Info
Warn
Warn
Warn
Warn
Infa
Warn
Info
Warn
Infa
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Unexpected Events

New, unexplainable orbit jumps appear: Phase analysis points to a ring
segment with NO active element
Pattern of perturbation corresponds to users time slots.
52§83 EEEE8S 3983 8EEEEE YRR
OO e L L NN L L IS YL L L B VLA BN L L B B B I B
0014 L 1 [T] User Magnet Passive, |
W0 o013 [ -
E I
0.012 |- |
- i M wa
€ 0011 -
1 mm Orbit S 0010 - £
perturbation 8 (009 [
due to 1[T] % -
S o008 |- -
user magnet - i Measured
switched o 0007 T
outside (1) O o006 W -
storage ring S 0.005 : |
tunnel (3m -g : i Corrected ~1mm 1 [T] User Magnet Active
from beam > 0004 R 7
pipe). 0.003|||||||||||||||||||||||||||||||||||||||||||||||
Time of Day
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Behind RMS: Deviations/Angles

N

® User magnet causes 4 mm, 1nrad peak perturbation
= Corrected within 2 cycles.

® Obvious required counter-measures:
= Distance, shielding, local feed-forward.
= Inadequate: fast local ID source point feed-back.

Thu Hov 21 18:25:02 2002 RMS Beam Position z: 0.00672 x: 0.00342 [mm]

CO Displacement [mm] (6T—-6T-RefOrbit. Dat) DIFFERENGCE to 18h20 52

0.004

0.002
0.000 fo Tt i LN RT
-0.002

=0.004

=0.008

[—=— v-Ast —— H-Act
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Present Choice: New Location

Orhit MDIZ3TaG:i50
] 0.007 — (3,12)
MDIZ3TaG:current

mA
(100, 260}
BPMZR:avyV

mm
(-0.005, 0.005)

(0, 0.01)
RMCD3V

{0.005, 0.007)
RMCDZY

" (0, 0.01)
] RMCD4V
HJJ\“JH‘“M il ’Ml (0.005, 0.007)
1L I

BPMZR:avgH

m' “l b NN .J -I i IH]M L 7 I|r('r1'r|'.[|'.m]5,|].|]|]5)|

BPMSR:nmsY

Tl ot
Noise reduction not sufficient:

1 mm -> 0.3 mm RMS

I].I]I]B—J‘

0.005-

T I
-60 -40 -Z20 17:90:32
(17:13:07, 0.00553228) Mow 22, 02

{Minutes)
R SRUIE K )
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" Fast BPM signal
analysed.

® Pyt air coll corrector
at optimal position.

50 Hz Mains Suppression

50 Hz uncorrected

VY A ARAAAANRY N,

" Feed-forward
compensation
proves feasibllity.

B Users don'’t suffer,
most detectors
average with same

g4 14G:1 5d2r hbdata

50 Hz corrected

frequency: not used *

Roland Miller BESSY

Copy from runbook
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Vibrations

N
4

Tunnel, experimental

eFreguency

eMagnitude

«Critical components,

floor well characterized:

YIBRATIIN —MEASUREMENTS ot BESSY WERTICAL
5 maximurn of magnitudea from
March 2001 / USER-SHIFT 0, goteway 10.00 Hz to 1000 Hz
N 10 Hz
JI choke
. \ :
|
Cs

13

major sources identified. 1 .

eConseqguences for
beam-line design:
vibration damped BL
elements.

Roland Miller BESSY

entransz | Maximum of
Aeseleration (Pe 4] FQ{]H}
33603 /us-a

ximum
Displacermen t I:F1 eak to Peak) :
4E 07 [m]

Manaura d with CHESOKKI-Equipmart and
FeE—Agaelsrameter Modsl G230
140 saconda aweraged / FFT O Hz te 200 Hz

KEH NP TS — 20 N3 2701

Beam Orbit Stabilization at BESSY Il -

5
A

=
m

=
g
i

=] =]
X =
T T

Multiglier for Maximum
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Stability: Spectral Overview

Difference frequency
visible to orbit correction

GaAs-Diode, n
UE52-SGM o SMU -
| 400 eV PUmpS |
50HZ
usv| |
WLS T7 girder ]
*ID
WLS T7 ‘
WL g
i LA
- iy h L . }
//\ f/ VVLﬂ }
/“\__//—J \B// ‘ ‘ }JJ
ﬁk"
iy
!

" Diode @ experiment %[
position o
" Metric: achievable @ i
signal/noise ratio \_c;-loo -
® Dominant: S |
‘D -110
s LHe recondensor ¢ I
©
= White circuit 2 -120
= Gyro mains %_130 B
(D L
-140 -
-150
0.1

Roland Miller BESSY

1 10
frequency (Hz)
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Comparison of Sensitivities

Roland Miller BESSY

Beam Orbit Stabilization at BESSY Il - IWBS '02 — Spring8

4 20 signal stability comparison at different ID-beamlines
] B | | L | | oL boostér | | ‘U‘S‘\/‘ ‘*
30 | —»— UE52SGM Higher *
Help to Lo — V125818 ! . lStMU
AN L  —o— UE46 PGM / X harmonics | &, O
distinct @ 50 (.Y 5 o
accelerator hu :g @gg)/“’m”w WY 14!%@11%&5
beam orbit 5 . - } .
dominated 90~ . . /Xb . TR
Q 7\./ T e N .4 \ o ® 41 1 ‘ {
effects g -100 - ) Mt
from beam & WS T |
_ 0 120 - ;
I|ne % 130 r\ .
£ ) I Al ‘Il\ _
SPECITICS. -140 eV ARG E i
i -150 \aﬁ;—“” Vil
-foot=-PdR)
-170 - SEEEE ]
0.1 1 10 100
frequency (Hz)




Conclusions

N

" RF-BPM and XBPM diagnostic: precise,
consistent, complementary.

® Growing understanding of sources and
feasible countermeasures.

" Effect on experiments widely varying.
= IR beam-line most sensitive.

® Perturbations tied to beam-line and beam
orbit are of similar order.

" Improvement attempts have to consider both
areas.
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