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Outline

Goal is to use a measurement of the bpm mechanical position relative to a
fixed reference to correct the bpm beam position reading

Driven by demanding long-term (7 days) drift specification of 1 um rms (~4
um peak to peak) for the APS-Upgrade multi-bend acromat (MBA) ring

Only long-term mechanical drift and beam motion considered in these
experiments (tens of seconds, minutes, hours, days)

Mechanical Measurement System (MMS) Engineering Design
— Capacitive System (horizontal and vertical planes)
— Hydrostatic System (vertical plane only)

APS Upgrade diagnostics R&D systems layout in sector 27 of the APS
storage ring

Initial results using the MMS

Using the MMS to correct BPM beam position-experiments:
— While locking the electron beam using APS orbit feedback system

— From a least-squares fit to bpm position data corrected for capacitive and
hydrostatic sensors

Conclusion

Nick Sereno: Beijing Workshop on Ambient Ground Motion and Vibration Suppression for Low Emittance Storage Rings 12-11-2017



MMS: Capacitive Detector

Principle: RF BPM vacuum
chamber structure and an
electrode form a capacitor

Capacitive reactance at a given
frequency is therefore
proportional to the separation d
of the electrode from the
chamber

MICRO-EPSILON capaNCDT sensors - constant AC current
Capacitive electrodes are ‘
mounted on a super invar rod e cioopgrd o Hlecode (1)
with a coefficient of expansion ==l B P L
Targel

less than 270 nm / °C over the
full 1 m length

Manufacturer: Micro Epsilon

System: capaNCDT
6220/DL6220 multi-channel
system with resolution of 20 nm
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MMS: Hydrostatic Detector

Principle: An electrode and the water
surface in a container form a capacitor
and “communicating vessels principle”

Capacitive electrode uses a heater to
eliminate condensation on the electrode

Operation uses same principle as
capacitive detector and similar Micro
Episilon electronics (similar resolution)

Probable systematic errors for a large
hydrostatic system due to volume

changes from temperature etc.

Communicating Vessels:
H.0 level is the same

Electrode and Heater

relative to ground no

no matter the orientation
or shape of the vessels HZO Reserv
Provides an absolute vertical
Reference

0irs

and Sensors
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New BPM New BPM
\\( Electronics Electronics

Dipole Fan

Mezzanine

Tunnel

“Stray Radiation” &

5
APS Upgrade Diagnostics Systems R&D in Sector 27

New XBPM
Electronics

PHC - Pinhole Camera
IM - Intensity Monitor
EM - Exit Mask

GRID
XBPM1

R
S27:BP0O - - S28:AP0
gpMm  |Insertion Device| pgpy

X-RAYS

Undulator(s)

Capacitive Sensors
(Vertical & Horizontal)

MMS - Mechanical Motion Sensors
Invar Rod

Hydrostatic
H20 Level

Hydrpstatic
H2O|Level

ottt
7 il
i

pPs2

New XBPM
Electronics

Hydrostatic

H20 Level
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Initial Results from the Capacitive and Hydrostatic Systems
"

Mechanical Stability 102 mA, 24 Singlets Top-Up

4

TH e -
T2l A
HOriZOntﬂI BPM ;ﬂ: . e ™ e, M :
: =i - 14 microns
Dls_placement 1241 / .
{microns) Tk
113 1/14 115 11/18
Vertical BPM ﬁgg
Displacement  4s558f 1 4 microns
(microns) 8L8r ]
483.5
1/13 1714 115 11/18
BPM Chamber EEZ ealieniome S e
Temperature (F) 88t 12 Deg. F
sof :
113 1/14 115 1/18
T4.25[ 2
Air 74200 Ll A
T415L ; al
Temperature (F) 7410| Pl % Ml - I 0.2 Deg.F
T4.05L
1/13 11/14 115 11/18
-3.70 - - . ]
Floor Tilt Se0
{microradians) S50 w. M7.1Earthquake 300 nanorad.
By Indonesia
Fill to 102 mA 1/3 11/14 1/5 11/18
2.6
Stored Beam\igg:g:* . . i (] | Btk |
Current e I ' il 1.4mA
{mA) pileds 12
a G. DeckerAccelerator Challenges DLER 2014 ”ﬁ} "';‘”. 11“”5 ”ﬂa
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Initial Results: Capacitive Sensors In Mechanical Feedback

= _ mmsTopOpsadl ==
Vacuum Chamber 527 :Mechanical Motion Sensors
Y Position Feedback US Gap - Open
Libera B+ Libera B+ DS Gap — 22 mm

RID=78,2 °F Supports RD=89,9 °

X—rays

GRID | ¥-rays
X—Rag ::::::)
Bt

Capacitive w= 4775, T2 Mun ¥= 331, 267 um Capacitive w=5bd, 674 unm
Sensors Y= 566, 532 Bun Sensors Y=588, 219 um Sensors ¥= 374, 228
~ L4
Invar | RT0= TE: od ~0 F P 'I:uar“ RTD= 74, 4 °F Thivar Thivar
Fodd ~ Fod Fo Fodd

!Heater 527 I

tHeater 325 | DIEP= '_."‘26. 193 um

RTD= 75,3 °F

DISP= BOE, L DIsP= Ghd, 595 un

rD= 75,90 °©
Heater Tape
Hydrostatic DIFF= =128, 893 un Hudrostatic DIFF= 71,602 um QEngineering |

- Using heater tape on the ID vacuum chamber supports, move the upstream and downstream
ID rf bpms using the capacitive sensors in a simple feedback loop
- Experiment:

— Using orbit feedback, lock the electron beam at upstream and downstream rf bpms using a local square
matrix

—  With undulator gaps at 15 mm, move the upstream and downstream ID vacuum chamber rf bpms
— Observe and predict X-ray beam motion at downstream “GRID” X-ray bpm
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Initial Results: Capacitive Sensors In Mechanical Feedback cont.

GRID

ID VC : : P X-rays
Nominal Trajectory —
GRID

X-

v — _ rays
Downstream PO Mechanical Steering
GRID

Cpwe > Xrays

Downstream rf bpm Orbit Feedback Steering Back to Nominal

= Endresultis ID VC has a mechanical angle equal to 2 urad up

" Do the same experiment with the upstream part of the ID VC ending with a net
offset of the vacuum chamber vertically and the beam centered in the GRID X-ray
bpm

8
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Initial Results: Capacitive Sensors In Mechanical Feedback cont.

Vertical Position Change at GRID XBPM CAF Sensors and Libera PUs
0.020[

0.015| .

o.010] ﬁ |

0.005| i
0.000 e - P—

—n.005| i

—o.010) / i

9] 10 9] S0 4 o0 a0 /U

Raise downstream rf bpm Time (minutes)

S27ID:P1:y

GRID (mm)

—-0.015]
mechanically by 10 um

CAP:527:BPO:y
- 101 A . CAP:S2B:APO:y
- sl ]
= o _
el Raise upstream rf bpm
I mechanically by 10 um
AN 2|
< o
- R
] 10 20 30 40 S0 G0 /70
Time {minutes) Steer at upstream
rf bpm down 5 um
— o S27B:Pi:y
B 7] S2B8APO:
- —1000| - *
= —2000| _
O ~3099% gieer at downstream T
s —4000| _
@ rf bpm down 5 um
e —50001] _
— O 10 20 S0 40 S0 G0 /70
Time (minutes)
DS Gap at 22 mm US Gap Open
"  Results experiment with DS gap at 22 mm and US gap open
"  Found factor of 2 calibration error in the capacitive sensors .
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Using the MMS to Correct BPM Position

- mmsTnpO;;s.adl

527 :Mechanical Motion Sensors

Upstream Downstream US Gap — 18.9 mm
rf BPM DS Gap-18.9 mm

GRID X-ray BPM

GRID | ¥-rays
X—Rag ::::::)
Bt

w= 475, TS8R un c
Y= B6E, D32 Bun Senzors

¥= 5804, 674 um
=379, 228

¥=331, 267 um Capacitive
y=588 719 um Senzors

C“F

Thivar Thivar
Fo Fodd
= BG5S  un LI
5. CF
Huydrostatic DIFF= —129, 893 um Huydrostatic DIFF= 71,602 un

hEnginesring |

- Use orbit feedback to demonstrate how to use the MMS (both capacitive and hydrostatic
systems) to correct BPM position for mechanical motion of the bpms

. Created “local square matrix” in the vertical plane in sector 27 to lock the beam at upstream
and downstream rf bpms and predict the position at the GRID X-ray bpm (ID gaps at 18.9 mm)

- Run local square matrix for a week and record all MMS, rf and X-ray bpm parameters

- With the electron beam orbit locked at the rf BPMs, any extra motion seen by the GRID X-ray
bpm is due to mechanical motion

- Goal is to show how one corrects bpm position reading using capacitive and hydrostatic
position readings
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Using the MMS to Correct BPM Position cont.

Used 24 singlets, 102 mA top-up
Predict change in X-ray beam position at the GRID assuming straight line optics
Take into account HS and Capacitive sensor data at all three bpms

Equations for the X-ray beam prediction at the GRID assuming the origin (source
point) is in the middle of the two undulators:

L
(1)AyGRID:(AyA:PO_A.yB:PO)ﬁ-I-AyA:PO
Lu=5.0m
Lg=16.1m

(Z)AyA:PO_)AyA:PO+AyA:POCAP+A.yA:P0HS

(3)AY5.p0?AY5.po*A Yo.po,+ AV,
Sector 27 geometry: B:PO B:P0 B:P0cy B:PO

- L > L, >

us ] DS —

B:PO (Upstream rf bpm) A:PO (Downstream rf bpm) GRID

Compare the position measurement change at the GRID (corrected for local
capacitive and hydrostatic measurements) to the prediction given by equations (1) —

(3).

(4 ) A Y GriD— Measured > D Y GRID— Measured ¥ A Y grip,, A Yerp,,
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Experiment Locking the Electron Beam at the POs: Processed Data — P0
(successive corrections for HS and CAP motion) data prediction at the GRID:
GRID Corrected for CAP, HS motion

Successive Predictions at the GRID Using MMS Data For Week 10-25-16

o T | T T T | T T T T T T T GRID_PD_Prad
C . ] GRID_PO_CAP_Pred
P 0.012°L GRID raw position corrected for local 1 GRID FOH=Fred
E ’ E capaFiﬁve and hydrostatic sensor E GRIDPD.CAP_HS Prod
E i readlngs . GRID:y_ChCorr
0.010[ ]
N : :
0.008[ " ]
L C L 71 Prediction at the
N - . MMI;;H;Q' 1 GRID Using both
- 0.006 ! ne -capacitive and
P i l-h* . . 4 hydrostatic correction
[ | i
- 0.004 - i 1 Prediction at the
Q R 3 GRID Using only
- LI N - . .
o0.002f | .- - Hydrostatic correction
C I e ]
O B i ] Prediction at the
o 0.000[ E& XN GRID using only
. N [ ] capacitive correction
O -0.002 i ] Prediction at the
an [ , : . . . . T GRID using

] 1 ] 1 ] 1
uncorrected rf bpm
10/26 10/28 10/30 e
Time starting Tue Oct 25 02:54:17 2016
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Experiment Locking the Electron Beam at the POs: Processed Data — PO
(successive corrections for HS and CAP motion) data prediction at the GRID:
GRID Corrected for CAP, HS motion DIFFERENCES

Successive Predicted Differences ot the GRID Using MMS Data For Week 10—25—-186

T T T T I T T T T T T T GRID_Pred_PQ
P GR'D_bFEd_PD_DIff_RMS = 6.932 LT 1 GRID_Pred_PQ_CAP
E - GRID_Pred_PO_CAP_Diff_RMS = 4.152 um 1 __GRID_Pred_FO_HS
0.0051L GRID_Pred_PO_HS_Diff_RMS = 3,199 um | GRIDFred_FO_CAP_HS
& - GRID_Pred_PO_CAP_HS_Diff_RMS |= 1.396 um -
e
b
o i
o  0.000|
O
N
@,
C  —0.005|
O
+
%
O -
O _o.o10]
<]

10/26  10/28  10/30
Time starting Tue Oct 25 02:54:17 2016
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Predicted Beam Position at the GRID and Corrected GRID Position in the
Frequency Domain with 1/f Noise Fit

Capacitive and Hwydrostatic Corrected GRID Pesition and Measurement Difference

0.1 _;I GRID_Corr_Diff_Fit
/;\T‘ 0. 01 :
T “‘ :
~. 0.001 h ]
o~ U 5
i

E ’]0—4 ' ‘ lll LI‘ i
E [ il T [1]['||||f'|" E
~— 1075 ]
(nH 1078 .
A

10-7 3

10-8L 3

10—> 10—4 0.001 0.01

f (1/s)
PSD Noise Assumed to Vary as 1 /f2
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Least Squares Fit to PO, GRID Position Change Data

A least squares fit to these three bpms should reveal a smaller rms residual as CAP
and HS motion is taken into account locally at each bpm

Residual left over should be simply the rms orbit left over after rms orbit is

minimized by orbit feedback (for an overdetermined system of more bpms than
correctors)

Procedure is similar to the prediction analysis: successively correct for hydrostatic

and capacitive motion and look at slope, interccept and standard deviation of the
three residuals

O - BPM Position Reading
---------- - Least Squares Fit to BPM Positions

o
....................... e
L -
— us — DS — =
B:PO A:PO —
= L > . s
u g
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Least Squares Fit to P0, GRID Position éhange Data Vertical

Plane, 324 Singlets: Processed Data
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Nick Sereno: Beijing Workshop on Ambient Ground Motion and Vibration Suppression for Low Emittance Storage Rings

12-11-2017

16



Conclusion

At ANL/APS we have developed capacitive and hydrostatic mechanical position
sensing systems

Initial results showed one can use both systems to measure mechanical movement
of the floor and vacuum chamber rf and Xray bpm supports

Inital results showed one can use the capacitive system to predict changes at the
GRID X-ray bpm when locking the beam at the ID upstream and downstream rf
bpms and moving the vacuum chamber using simple mechanical feedback

Logging MMS and rf bpm data over a week using a local square matrix to correct
exactly at the ID upstream and downstream rf bpms showed:

— One can predict changes at the GRID X-ray bpm with remaining errors on the level of the
rms spec for APS-U MBA ring (so one can correct the raw bpm readings using MMS data)

— In the frequency domain remaining errors can be modeled as 1/f noise

The least squares fit analysis showed a similar reduction in rms residual error at the
two rf and Xray bpms as capacitive and hydrostatic position readings are used to
correct the raw bpm reading

Obtained similar results in the horizontal plane where there is only capacitive
mechanical motion measurements

Main conclusion is that from these experiments, correction of bpm readings for
underlying mechanical motion of the bpm vacuum chamber and floor can improve
the raw bpm readings for long term drift relative to an absolute position reference

17
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A
Extra Slides

" Extra Slides outlining similar experiments
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Experiment Locking the Electron Beam at S27B:P0 and the GRID
" Used Hybrid, 102 mA top-up

"  Predict change in electron beam position at S28A:P0 assuming straight line optics
" Take into account HS and Capacitive sensor data at all three bpms

"  Equations for the electron beam prediction at the GRID assuming the origin is in the
middle of the two undulators:

Lu
(1)AYA:P0:<AYGRID_A)’B:P())m"'AYB:PO
Lu=5.0m
Lg=16.1m

<2>A Yern? AYcrptA yGRIDCAP+A Y GRID,,

9
= Sector 27 geometry: (3)AYs.p0 Ayg.po+rAYp.po,tAYspo,

- L < L >

g

.

— us — DS
B:PO A:PO GRID

=  Compare the position measurement change at the GRID to the prediction given by
equations (1) — (3).

(4>A .yA:PO—Measured_)A yA:PO—Measured-I-A yA:POCAP-l-A yA:POHS
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Experiment Locking the Electron Beam at S27B:P0 and the
GRID: Raw Data

! o T
E $35DCCT =

n“ ﬁﬁ Tne slarfing Thu Hav iﬂm‘l A ﬁﬁ
- Poy bkl Ugta Dw'vy Vesk of Use Ry 11-54:40 —
2 PO'S -am
g -ans
E -..“ ﬁ; Tne sfarfmg Thu Hay iuvﬂ‘l ] ﬁ.ﬁ
E EE Fow bl Dueits Derivg Wesk of User R 11-S4-40 |_
§ GAPs
s- :“ﬂ " Tne sdarfing Thu Hay 3 !:IoM‘I ] i
5 ; E— =
P cap . 3
’ na na Tima sborting Thu Hey 3 u.&l& 1Y na

0 Fow bl Dueits Derivg Wesk of User R 11-S4-40 R
5 R N —— ==
j Hs =E T e _ g
E s nA Tne siarfimg Thu Hay 3 HUM‘I bl I "

1 Frow bl Oets Derieg Weak of User R 11-54-10 J—
! % S ] =
§ Corrs -
5 n ﬁ; Tne sfarfmg Thu Hay suﬂqma ﬁ.ﬁ

Fow bl Dueits Derivg Wesk of User R 11-S4-40

E = (-]
{ GRID i..:.E e e 'L‘"' Wl §
B -

" na Tne slarfng Thu Moy 3 Hmi e

Nick Sereno: Beijing Workshop on Ambient Ground Motion and Vibration Suppression for Low Emittance Storage Rings 12-11-2017



Experiment Locking the Electron Beam at S27BPO0 and the GRID: Processed
Data — S27B:P0 and GRID (successive corrections for HS and CAP motion)

prediction at S28A:P0 corrected for CAP and HS motion
Successive Predictions at S28A:P0O Using MMS Data For Week 11-04-16

2x1073 T T T T T T T T T T [ T T T T T rn BRI A LIDTER
— m.;;l
-
é 1x073] '
o _ ﬁ
o [ _
C - " ]
o o - | '
S | %ﬁ , il
S _ NP -
c | '
O x|
oy
0
O
an

! | ' ' :

/4 11/5 11/6  11/7

Time starting Thu Nov 3 23:06:01 2016
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Experiment Locking the Electron Beam at S27BP0 and the GRID: Processed
Data — S27B:P0 and GRID (successive corrections for HS and CAP motion)
prediction at S28A:P0 corrected for CAP and HS motion DIFFERENCES

Successive Predicted Differences at S28AFP0 Using MMS Data For Week 11-04-16

— S2BA:PO_Pred_B:PO_GRID:P1_Diff. RMS = 0.391 um | e
£ . .os| S2BAPO_Pred B:PO_GRID:P1_CAP DIff RMS = Of358 pm |=r— ="
c  S2BAPO_Pred_B:PO_GRID:P1_HS_Diff_ RMS = 0.338 um
— - S2BAPO_Pred_B:PO_GRID:P1_CAP_HS_DIff_RMS # 0.31Q g
S _ _
)

= _ _
A _ _
o ol _
on

O _ _
] L J
-

S _ _
D _1x0-3| l
m - -
g

e _ _
2 _ _
= i i

- =3
q 2“‘10 -I 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1

/4 11/5  11/6  11/7

Time starting Thu Nov 3 23:06:01 2016
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Experiment Locking the Electron Beam at S27B:P0 and the
GRID: Conclusion

Essentially the same as for the first experiment locking the beam at the POs

| would suspect systematic calibration factor errors for rf and X-ray bpms, capacitive
and hydrostatic sensors could easily conspire to result in the 310 nm number when
all three are used to predict the electron beam position at S28A:PO...

Sector 27 now has many more bpms in it than datapool correctors
Next data to mine is the same 3 bpms (S27B:P0, S28A:P0 and GRID)
— Correct for Capacitative motion

— Correct for Hydrostatic motion

— Look at the corrected errors
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Experiment Using Standard Orbit Correction: PO Prediction at GRID

" Used Hybrid, 102 mA top-up

"  Predict change in X-ray beam position at the GRID assuming straight line optics this
time with standard orbit correction running (no square matrix)

" Take into account HS and Capacitive sensor data at all three bpms
=  Equations for the X-ray beam prediction at the GRID assuming the origin is in the

middle of the two undulators: L
(1)AyGRID:<A.yA:PO_AyB:PO)ﬁ-l-AyA:PO
Lu=5.0m
Lg=16.1m
(Z)AyA:PO_)AyA:PO+AyA:P0CAP+AyA:P0HS
=  Sector 27 geometry: (3)A Yppo? AYppo+rAYp.po *AYgpo
- Lu —— Lg -
: us — DS : : —p
B:PO A:PO GRID

=  Compare the position measurement change at the GRID to the prediction given by
equations (1) — (3).

(4 ) A Y GriD— Measured > D Y GRID— Measured ¥ A Y grip,, A Yerp,,
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Experiment Using Standard Orbit Correction: PO Prediction at GRID Raw Data
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N
Standard Datapool Orbit Correction Configurations:

Standard Orbit Correction Configuration Vertical:

SRHVOrbitCorrectionConfig:DCOrbitCorrection

Horizontal DC | Vertical DC | rfiyBPS
Read configuration from /home/helios/oagData/sr/orbitControllaw/lattices/default/v.de
faultXRDP/config
The condition number is 4.56901491516%9142e+02
The number of singular wvalues is 108.
|
Print | SaveAs..| Email..| ExpandDialog.. |
Monitors Correctors]
A
i1 111 11111 2 2 2 2 2 2 2 2 g o E E E 3 4 1
i 2 3 4 5 €6 7 8 9% 0 1 2 3 4 5 6 7T 8 9 0 1 2 3 45 7 8 0 1 2 3 4 5 & 7T 8 9 0 1
A0 H N[ BE[ [ NN [ EEE NN EEEEERN (| HE R RN l_
Al H N E N B E NN [ EEEEEEENE EENT H u H E B EE NN EEN
2T 0 T = 0 1 0 L 1 0 R 1 [ T I I I 5 e 5 O
"5 I Y 1 Y 1 Y Y o = (I I I I (N O m
P e B I (MUY Y ) I I (IR I B
S 1 5 5 O O I o CECENECERENESENESE ST Al
T 5 O o I Y Y I I e
5 e L = O Y I L ) T e
o e (5 O Y I I Y 5 5 O
ElN I BT [ @A BN B BEEER"" ®BE" @ [ (| H N B EEEEN ®E
EO @ B[ H[ B[ E BN B E N E BN =N m HEEEN l_
co I~ - [ [ n [ [
o1 IO L I l_
D2 - OO Oododoooodod I I I T I l_
I1 | Y N (N (N BN i N SN [N (B (R il i Il I T l_
525 Y i [ Bl T | 1 1 e [ O l_
Config...] Read...] Write...] Generate controllaw files] Generate compensation files]
Read configuration
Lattice: |defau]_t
Config: ﬂ ﬂ J |v.defal_'lt}(F'_DF'
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N
Standard Datapool Orbit Correction Configurations:

Standard Orbit Correction Configuration Horizontal:

SRHVOrbitCorrectionConfig:DCOrbitCorrection

Horizontal DC | Vertical DC | rfiyBPS

Read configuration from /home/helios/oagData/sr/orbitControllaw/lattices/default/h.de
faultXRDP/config
The condition number is 2.10231168104%488e+02
The number of singular wvalues is 79.
|
Print | SaveAs..| Email..| ExpandDialog.. |
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Read configuration
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Description: |'Added S1ID:P1 S5ID:P1 S12ID:P1 S17ID:P2 S19ID:P1 S20ID:P2 S21ID:P1 S24ID:P2 534
Read(replace) | Readfor) | Read(and) | Readinot) | Refreshgood/bad |
BFM PV typeCDrrectDr PV type| " plain O dynamic ©® DP
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Experiment Using Standard Orbit Correction: Processed Data — P0 (successive
corrections for HS and CAP motion) Data Prediction at the GRID and GRID
Corrected for CAP, HS motion

Successive Predictions at the GRID Using MMS Data For Week 11-08-16

T T T | T T T I T T T | T GRID_PD_Prad
1 eRD_Po_CAP_Pred
TN 0.010¢L 1] oeRD_POHS Pred
E - ] GRID_PO_CAP_HS_Pred
B GRID:y_ChCorr
E 0.008[
~— -
0.006} "
) - '
g 0.004f
x L ‘m
O C
N 0.002[ ’ ‘
Q . 1 ] b '
B I l’lﬂ ! I|h L
0.000} PR
O _p.002f r U e
= X N
75 I [
o 0.004 !
D_ 1 1 1 | 1 1 | L]

/10 /12 11/14
Time starting Tue Nov 8 00:48:01 2016
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Experiment Using Standard Orbit Correction: Processed Data — P0 (successive
corrections for HS and CAP motion) Data Prediction at the GRID and GRID
Corrected for CAP, HS motion DIFFERENCES

Successive Predictions at the CGRID Using MMS Data For Week 11-08-16

N T T T T T T T T T T T | ] GRID_Prad_PO
Vo™ B N GRID_Prad_PO_CAP
E 0.000[ 1™ GRID_Pred_POHS
i ] GRID_Pred_Po_cAP_HS
~— -0.,002[ H ]
(B i i
O _0.004[ | ]
L i i
o i i
i 5 i
O 0.005: - :
c i :
9 0.008: :
"? _0.010F GRID_Pred_PO_DIff_RMS = 6.184 um
O L GRID _Pred_PO_CAP_Diff _RMS = 5.258 um -
O [ GRID_Pred_PO_HS_Diff_RMS = 3.451 um i
o -0.012[ GRID_Pred_PO_CAP_HSDIff.RMS = 2.531 um ]
[ 1 1 1 I 1 1 1 I 1 -

1M1/10  11/12 /

Time starting Tue Nov 8 00:48:01 201

29
Nick Sereno: Beijing Workshop on Ambient Ground Motion and Vibration Suppression for Low Emittance Storage Rings 12-11-2017



AP Y Change (mn) Gap Change (im) PO Change [mm) [ Y

H5 Change (um)
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Experiment Using Standard Orbit Correction: Using POs to Predict
Position at the GRID for 324 Singlets Raw Data:
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Experiment Using Standard Orbit Correction: Using PO0s to Predict
Position at the GRID for 324 Singlets Processed Data:

Successive Predictions at the GRID Using MMS Data For Week 11-15-16
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TN - | 1 oRID_Po_HS Pred
= | | ™
& o.010]

S B

Q

O 0.005]

- I

O

= [

O 0.000]

_ [

O [

= -0.005[

= i

Q

O o010l . oo
1M/16  11/18  11/20
Time starting Tue Nov 15 00:48:01 2016

Nick Sereno: Beijing Workshop on Ambient Ground Motion and Vibration Suppression for Low Emittance Storage Rings 12-11-2017



Experiment Using Standard Orbit Correction: Using POs to Predict
Position at the GRID for 324 Singlets Processed Data DIFFERENCES:

Successive FPredictions at the GRID Using MMS Data For Week 11-15-16

D 01 U T b T |. T I T T T I T T T GRID_Prad_PD
) - GRID_Pred_PO_DIff_RMS = 4. 9538 um | GRD_Pred_Po_cAP
" GRID_Pred_PO_CAP_Diff_RMS = 3.798 um | _ GRID_Pred_PO.HS
GRID _Pred_PO_HS_Diff_RMS = 3.687 um 7| SRID-Pred PO_CAPHS

GRID_Pred_PO_CAP_HS_Diff_RMS = 1.840 um
0.005]
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- W i i !
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Experiment Using Standard Orbit Correction: Using POs to Predict
Position at the GRID Conclusion:

Essentially the same conclusion as with the square matrix on slide 10

MMS corrections are required to bring the prediction closer to the GRID
measurement (corrected for GRID local mechanical motion)

Note, however, the earthquake adds noise:

— Few Hz earthquake signal is aliased due to the slow 30 seconds sample interval
of the data logger

— The few micron earthquake motion at a few Hz does not transfer to the
mechanical structures holding the POs and GRID (at least that is observable

anyway)
324 Singlets:
— Substantial “saw tooth” mechanical motion as detected on capacitive sensors
— Substantial hydrostatic motion up to 8 microns

— Mechanical correction of predicted position change corrects for large drift and
“saw tooth” pattern
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Experiment Using Standard Orbit Correction: S27B:P0 and GRID Prediction at
S28A:P0
" Used Hybrid, 102 mA top-up

"  Predict change in electron beam position at S28A:P0 assuming straight line optics
this time with standard orbit correction running (no square matrix)

= Take into account HS and Capacitive sensor data at all three bpms
"  Equations for the electron beam prediction at the GRID assuming the origin is in the

middle of the two undulators: Lu
(1)AYA:POZ(AyGRID_AyB:P0>m+AyB:PO
Lu=5.0m
Lg=16.1m
(2)AYGRID_)AYGRID"'AyGJRIDCAP"'AYGRIDHS
= Sector 27 geometry: (3)AyB:PO_)AyB:P0+AyB:POCAP+AyB:POHS
- Lu —»-- Lg -
— us — D5 — —»
B:PO A:PO GRID

=  Compare the position measurement change at the GRID to the prediction given by
equations (1) — (3).

(4)A yA:P()—Measured_)A yA:PO—Measured-i-A yA:P()CAP-l-A yA:POHS
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Experiment using S27B:P0 and GRID Prediction at S28A:P0:
Raw Data
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Experiment using S27BP0 and the GRID for Prediction: Processed Data —
S27B:P0 and GRID (successive corrections for HS and CAP motion)
prediction at S28A:P0 corrected for CAP and HS motion

Position Change (mm)

Successive Predictions at S28A:P0 Using MMS Data For Week 11-08-16
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Experiment using S27BP0 and the GRID for Predigtion: Processed Data -
S27B:P0 and GRID (successive corrections for HS and CAP motion)
prediction at S28A:P0 corrected for CAP and HS motion DIFFERENCES

Successive Predicted Differences at S28AFP0 Using MMS Data For Week 11-08-16
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Experiment Using Standard Orbit Correction: Using the Position at S27B:P0
and the GRID to Predict Position at S28A:P0, 324 Singlets: Raw Data
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Experiment Using Standard Orbit Correction: Uging the Position at S27B:P0

and the GRID to Predict Position at S28A:P0, 324 Singlets: Processed Data
Successive Predictions at S28A:PQ Using MMS Data For Week 11-15-16
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Experiment Using Standard Orbit Correction: Uéing the Position at S27B:P0
and the GRID to Predict Position at S28A:P0, 324 Singlets: Processed Data
DIFFERENCES

Successive Predicted Differences at S28AP0 Using MMS Data For Week 11-15-16
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Experiment Using Standard Orbit Correction: S27B:P0 and
GRID Prediction at S28A:P0: Conclusion

Essentially the same as for the first experiment locking the beam at S27B:P0 and
the GRID

MMS corrections are required to bring the prediction closer to the GRID
measurement (corrected for GRID local mechanical motion)

Interesting both predictions at S28A:P0 (using both square and non-square orbit
feedback matrices slide 14) have a small net offset in the final difference

324 Singlets:
— Substantial “saw tooth” mechanical motion as detected on capacitive sensors
— Substantial hydrostatic motion up to 8 microns

— Mechnanical motion compensation of predicted position at S28A:P0 is absolutely
required to match measured motion change at S28A:P0
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Least Squares Fit to PO, GRID Position Change Data

A least squares fit to these three bpms should reveal a smaller rms residual as CAP
and HS motion is taken into account locally at each bpm

Residual left over should be simply the rms orbit left over after rms orbit is

minimized by orbit feedback (for an overdetermined system of more bpms than
correctors)

Procedure is similar to the prediction analysis: successively correct for hydrostatic

and capacitive motion and look at slope, interccept and standard deviation of the
three residuals

O - BPM Position Reading
---------- - Least Squares Fit to BPM Positions

o
....................... e
L -
— us — DS — =
B:PO A:PO —
= L > . s
u g
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Least Squares Fit to PO, GRID Position Change Data Horizontal
Plane, 324 Singlets: Raw Data

" Alnthis case, we investigate the Isq fit as we locally correct for only Capacitive
motion at each BPM
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Least Squares Fit to PO, GRID Position Change Data Horizontal

Plane, 324 Singlets: Processed Data
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Prediction of GRID Position using POs, GRID Corrected for Local
CAP motion, Horizontal Plane, 324 Singlets: Processed Data

Successive Predictions at the GRID Using MMS Data For Week 11-15-16
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Prediction of GRID Position using POs, GRID Corrected for Local
CAP motion, Horizontal Plane, 324 Singlets: Processed Data
DIFFERENCES

Successive Predictions at the GRID Using MMS Data For Week 11-15-16
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Least Squares Fit to PO, GRID Position Change Data
Horizontal Prediction at GRID Using P0Os

The least squares fit analysis for vertical data shows smaller standard deviation of
the residuals as CAP and HS data is added

Interestingly, in the horizontal plane where only capacitive data is available, the Isq
fit analysis shows the measured capacitive mechanical motion due to variation of
324 bunch beam current (presumably due to heating) is removed

There is still a drift left in horizontal plane in the Isq fit analysis

The prediction analysis also shows the same result: capacitive correction takes out
mechanical motion due to variation in beam current

There is a drift compared to predicted GRID position and measurement at the GRID

This could be due to large number of horizontal bpms in datapool (rms corrected in
sector 27 using 4 correctors and 13 bpms compared to ~7 bpms in the vertical
plane)

Main conclusion from these data and analysis: Correction of bpm position changes
due to mechanical motion can be made locally at each bpm, by adding in the
changes in mechanical motion due to capacitive and hydrostatic measurement
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