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One Sector of the Advanced Photon Source Storage Ring
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(The APS has forty sectors - 1104 meters total circumference)
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Nominal APS Storage Ring Parameters
Standard Lattice
Emittance: 2.5 nm-rad
Effective emittance at 10: 3.1 nm-rad
Coupling: 1%
By 2F1.2 um 81.5 um 88.5 um
Oy 8.6pm 250 pm 252 pm
Gy 11.4 prad  56.5 prad 57.1 prad
Uys 28 prad 1.2 prad 1.2 prad
R 1932m  2.09m 1.96 m
By 298m 2482 m 2532 m
o 0.00 0.95 0.89
%y 0.00 0.70 0.60
¥ 005m ! g1 m! 081 m "
1y 034m ! 0osm ! 0.05m "
uw 0166m 0.058 m 0.057 m
e 0.000  -0.032 -0.083
J
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Insertion Device Pointing Stability Specification
J(1+K%)/@aN,)
c., = = X-ray vertical opening angle
y xray ,Y
v = E/(mc) = 13700 @7 GeV
N = Number of undulator periods
=72 for APS und. A
n = undulator harmonic number
G ., =3.3 urad rms (n=7, K=1)
y xray
This adds in quadrature with the electron beam divergence O, _=2.9 urad
(¥
o, =44urad
y total
Pointing stability = 0.05¢ G 3! = 220 nanoradians rms | ~———
\_ %
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Beam Position Monitors and Magnets in One Sector

T
I I
[ J

BM
Q FC C

® : Broad-band RF Beam Position Monitors (7) (Turn-by-Turn)
X : Narrow-band RF Beam Position Monitors (4) (~ 300 Hz)
[0 : BM X-ray Beam Position Monitors (2 - Vertical Only) (~165 Hz)
O : ID X-ray Beam Position Monitors (2) (~165 Hz)
FC : “Fast” Corrector Magnet (1) (~ 1000 Hz)
C :“Slow” Corrector Magnets (7) (few Hz)

Q : Quadrupole Magnets
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Click on BPH Status
to open BPH Display

SR Vertical BPM Status mi o ..
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SR ¥ertical Corrector Feedback Use

B Hot Used Moo
RTFE M RTFEIC

Click on PS Status
to open PS Display
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o Sector
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Click on BPH Status
to open BPH Display

SR Horizontal BPH Statusgi's .
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Canted Undulator Geometry \\
(APS sectors 21,23,24)

-1 mrad -

T | 1D #1 ID #2 | T\ R
+0.5 mrad +0.5 mrad T~ A
J_ Y
BPM T
Dipole
Magnet
Corrector ‘
Magnet
J
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Application of Configurable SVD
g R
/ = SR H AYERAGE BPM'S {mm} SDEY: 0,018 AVG: =01, () MAx: 0,177 \
Center: 0,006 u
Asymmetric 4-bump M
u S
231D
Center; 0,006 u u Interbal: 4,000 Sector: 24 u
22 7 ' 24 25
Correctors in use
i $2le . + * /N 24ID¢ i
\/ BPMs in use
= SR HORIZOWTAL CORRECTOR READBACKS {Ampere} SDEY: 1,089 AVG: 0,001 MAX; 10,813
Center: 0,000 u
\ J
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= SR H AVERRGE BP’S () SIEY: 0,013 G: 0,002 HAK: 0,113
Center: 0,000 u
Symmetric 4-bump
PR
Center: 0, 00F u E Interval: 4,000 Sector: e n u
22 23 ' 24 25
gy =l ur‘{gu\—_’;’**ruﬂt‘ur =y By Py
Zoom of 4 sectors
® SR HORIZONTAL CORRECTOR REAIBACKS {Ampere SIEY: 0,551 VB 0,023 HAX: 6,495
Center: 0,006 u
i
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a = SR H AVERAGE BPH'S () SDEVs 0,004 MG 0,000 HAK: -0.039 I
v Center: 0,000 n u
Interaction of local source with 4-bump
. J[[M : w———
Center: 0,00 E Intervals 4,00 Sector: 23 n n
2 2 ' 24 25
Steering source *
e Py Sl 1”h1’——1/ﬁh_u\\//:du\r_wmﬁrr et L e e
Zoom view
® SR HORIZONTAL CORRECTOR RERDBACKS {Ampere SIEY: 0,279 G -0,005  HAY: -2,976
Center: 0,000 u
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= 5B H AYERAGE BPM™S {mm} STEV: 0,028 VG =0,003 HAK: 0,408
0,100 /Div Center: 0,000 u
Use of BPM’s as Null Devices
to construct 3-bump
e T Y T Y Y r’TmfrTr T Y Y YT Ty Ty Yy T TYTTYTrreTTrTY ot ol LR
0,100 /Div Center: 0,00 u Intervalt 4,000 Sectar? o5 n u
24 o5 %6
BPM’s in use * + + *
Moy : r—-r-:‘l.nﬂ-f"_‘ll-lh*'u +* ¥ 1un;1| |U$ Trw"ﬂu%—w u—;} ==
Correctors in use 10 Amp
by controllaw Change*
= SR HORIZOMTAL CORRECTOR READBACKS {FAmpered SIEV:  0.B47 AYG: 0,063 AR 9,989

G000 ATy Center: 0,00

ou

R
i

v

Controllaw Response
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“Simo-bump” used for cross-calibration of ID photon bpm’s

= SR H AVERAGE BPHM'S Cmm}

0,050 /Diy Center: 0,00

SOEW: 0,048 AVG: 0,000 MAx: 0,083

\\

Sector 4 ID source point

| No ID’s here
&

0,080 /Div Center: 0,00

u u Interval} 4,00 Sectort B
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unchanged Zoom view
= SR HORIZONTAL CORRECTOR RERDBACKS {Ampere} SIEV: 0,542 VG =0, 000 HAK: -1.822
1,000 ADiv Center: 0,006k n u
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A 1ULD D11V YY llls
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Colors indicate data for individual days

-

P1 Position
(microns)

M‘RW%W sy
BM X -ray bpm dlstances from source point: P1 - 11 meters |
P2 - 18 meters
S/ 9 8,/10 8,711 F/WZ 3/13

Tirm e startimg Ve d cug = Ol 53577 = O

P2 Position
(microns)

s,/9 EWVAN EVA 8,/13
Tirme starting ved = O >S5 =200
Gpo= 0.87 microns -
= ok . 5
e =
o — LT
=25 = = S
72} = ) [=V)] —
S = =9
[~ E < =
R é ,
m N’ ) = )
. Gp;= 0.65 microns O~ 0.43 microns
. HH‘ L \‘ ‘ ‘ [ - 1
0 4 6 -1 0 1 2 3
P1 Position (mlcrons) Average Position (mlcrons) Y.
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AC Beam Stability: Real-time feedback corrector statistics
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SrFdbkCorErrDrv.adl
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Real time calculation of rms beam motion

SrFdbkGhIR ion.adl

RMS Beam Motion (Microns)

Fs ABZ4SATEN y-
Loop Time BESFE usecs

I0C Message Loading DSP,.,

DSP Message Loading paramsters,,, done
L g Tho Processing Details
4'03 Short llll
Input Hizh Fass Low Pazs #1 Low Fazs #2
[ oto Hz B0 00 Hz [Lee.00 [Hz

# of BFHS Full BW  30,00Hz 100,0Hz EFHM Enakles

Wz Time

wr EEJEEEEE] |
7 e pon s ]
Alarm Limits RHS Wectors
Full BW Zo,00Hz 100,0Hz @l
w [_9.00 [_5,00 [_6.00 mickons
y 10,00 |4, 00 j4.00 microns
® alarm if Limit iz exceeded For‘lg_ Seconds
y alarm if Limit is exceeded For‘E Seconds
Feak Hold Walues
Full B Z6,00Hz d1oo,0Hz
x® 5,595 1,835 4,202 Feak Hold Time
y 3,171 ©,958 2,107 s Sees
o J
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6 Horizontal RMS Motion & Vertical RMS Motion
|||||||:||-|-||||||||||||.||||| |||||||||||||||||||||||||||
5 5 0.01 - 767 HZ e
0.01-100Hz =—
4| 4| 001-30H7 —— |
Hm wm
rms rms

By=6.9m

W77 1,/28 1,/28 11/30
~4 days >

Tme starting Fri Moy 2& 0X02:57 2004

o
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APS Real-time feedback system allows simultaneous acquisition of 40 waveforms
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AC Beam Stability

\
Power Spectral Density Sqrt[Integ[PSD]] Sqrt[Reverselnteg[PSD]]

— ' APS ———
4 ~ ] 41\ SPring-8*
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AC Pointing Stability
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e : O
4 Power Spectral Density Sqrt[Integ[PSD]] Sqrt[Reverselnteg[PSD]]
: ‘ ‘ ‘ E 0.30 ‘ PR 0.30h ‘ ]
0.01L 0.25 o - e 0.25 \\\\\:
HOI‘Z. J 0.20| 4,‘ e 0.20 T\
o.orff prad / prad O\
0150 0.15 “\
},Lradz /Hz rms ( | rms N
1oy o.10f] / with Feedback 0.10 \
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o.oot 0.00 =
50 100 150 200 50 100 150 200 50 00 150 200
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[ 0.4 04l N\
0 01§ ‘,'
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4 Esoterica )
Earth Tides Earthquakes
" " T " " _ s T " " " T T
. 4960 \ = 21 1
N N I J} =
T A N Mo ©
= Aot E
S (A IR - L |
5 955 ANV |
0] | / VoL I T o
0 AVARRIEN Vo o !
s N | | | | \J/ | /’ \/ c
S 1950 [V \/ Y 2 0
< 49501 | \ V i @ w h{ ‘ w
O | \ | © |
S _ \JJ} &
S5 4945 ’/ \\ | | 5 -t i
o / \ | c
o Y
o / 2 =20 ]
T 4940| | o
L | w v - . - - N
1 ‘r\‘/r)/ 1 0/7 1 ‘n‘/q; 4h00m 4hT5m 4h30m 4h45m 5h00m
vs A e 004/10/08 08:27 M 6.9 SOLOMON ISLANDS Z= 37km 10.84S 162.18E
Time starting *ed Oct 20 00:48:06 2004 CDT
This information is provided by the USGS
2004 Phases of the Moon National Earthquake Information Center.
Universal Time A magnitude 6.9 earthquake IN THE SOLOMON ISLANDS has occurred at:
10.84S 162.18E Depth 37km Fri Oct 8 08:27:54 2004 UTC
NEW MOON FIRST QUARTER FULL MOON
d hm d h m d h m Time: Universal Time (UTC) Fri Oct 8 08:27:54 2004
OCT. 14 2 48 OCT. 20 21 59 OCT. 28 3 07 Time Near Epicenter Fri Oct 8 19:27:54 2004
Central Daylight Time (CDT) Fri Oct 8 03:27:54 2004
Location with respect to nearby cities:
285 km (180 miles) ESE of HONIARA, Guadalcanal, Solomon Islands
2070 km (1290 miles) NNE of BRISBANE, Queensland, Australia
http://earthquake.usgs.gov/recenteqsww/Quakes/uspiav.htm .
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Summary

» The APS is a mature facility with a lot of sophisticated orbit control capability

* Use of BM and ID photon beam position monitors has improved long term
pointing stability and repeatability in the past few years.

* The real-time feedback system continues to run well, in operation since 1997.

 Future plans include upgrades to broadband rf bpm data acquisition and real-
time feedback system.

* A “hard x-ray” beam position monitor is being designed to be placed in the
beamline first optic enclosure 25 meters from the insertion device source point.
Objective is to achieve 100 nrad-scale long-term pointing stability, making
local steering requests unnecessary.
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