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Orbit stability criteria of TPS

Measurement tools

Ground motion and its effect on orbit stability

Vacuum pump and cooling water effects

Vibrations of vacuum chambers and magnets vs. beam motion
Effect of grounding in RF transmitters

Cooling fans effect

Suppression of residual beam motion to submicron by FOFB to
satisfy users’ requirements

Summary
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_inac 150 MeV, 3 Hz injecti

~3m Concentric booster and

storage ring share the same

tunnel.

Orbital stability criteria: 0.1 s,

Horizontal < 10 mm
Vertical < 0.5 mm

ID center (s= 120(x) U 5(y) mm2)

|
Storage ring
Energy: 3 GeV
Max. Current: 500 mA
Circumference: 518.4 m
Cell units: 24 DBA
Harmonic number: 864
Radio freq. : 499.654 Hz
Emittance: 1.6 nm-rad

Booster ring

Energy: 150 MeV to 3 GeV
Circumference: 496.8 m
No of period: 6

Harmonic number: 828
Rep rate: 3 Hz
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The beam size at 7 m straight center is 120 U 5 mm?2 (1% coupling).



G-function (Tune = 26.160 / 14.240)
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Vertical beta is reduced to accommodate small gap
IDs in three long straights by inserting quads in the
centers.
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Computer

BPM electronics
BPM electronics

Control network

BPM electronics

Trigger, Sync, Clock

Shaker Master
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25-10000 Hz
Accelerometer
WR F4 ,
10-7500 Hz _;5_]
Wilcoxon
Research
Hammer 731-207
Kistler 9726 A5000 10 V/g
0.6 650Hz
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Seismometer

LE-3Dlite Mark 11
400 V/ml/s
1~100 Hz

CMG-6T
2400 V/m/s
30S~100 Hz



7 BPMs in each lattice cell
(5 standard BPMs plus 2 primary BPMs near the ID straight sections. ) .

FC BPM BPM
FC BPM—\\ \

BPM

BPM— FC—
l\ ‘I.

A" _ ' h PR g | | l

primary BPM Standard BPMs primary BPM

Standard BPM at arc section Primary BPM at straight line

Size 68*30 mm Size 64*16 mm
Button 7.4 mm Button 7.4 mm
kx/ky 13.8/12.73 kx/ky 6.58/8.89



10° Vertlcal ground motion
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D(f):Signal (D) in frequency domain T: Measuring time
* https://www.nature.com/nature/journal/v445/n7129/pdf/nature05536.pdf
* http://onlinelibrary.wiley.com/doi/10.1029/2011JC006952/full
** http://lwww.desy.de/~sahoo/WebPage/Ground%20Motion.htm
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8 PSD of vertlcal ground motion
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PSD of ground and beam motion (FOFB Off) Df.. =0

Horizontal vibration (X)
Vertical vibration (Y)

Longitudinal vibration (Z) |
Beam motion (BPM014)

Horizontal beam

0 01 02 03 04 05 06 07 08 09 1

W Frequency (Hz)
X = (G=——g;cos( £ - ;| -pn) - (Ll a)(g;h; | CY)

Displacement (mm)

BPM ID 2sin ,0/7

60 FOFB On Band pass 0.1 ~0.5 Hz d_l DC Dfee  po- ah > KJLJhJ<DXquad>
£ —— Horizontal motion (X) a C fre i J
| Vertigal motion (Y) 1006 ) _ _ )
5.0 — Longitudinal fl"°“°” @ ) £ 0.3 Hz horizontal beam motion is observed with
457 I > & dispersion-like pattern. The frequency spectrum is

. 1 | © - - - -
;"0 {004 2 similar with that of ground motion.
3'2_— , ¢ During the routine operation, FOFB is on. This
] motion is eliminate . The amplitude o
. loos @ t I ted by FOFB. Th plitude of
20 i | "°§ beam motion is proportional to the current
15 , 1 © variation of corrector power supply (CPS).
1.0 +—— 0.00 The trend of current variation of CPS is similar to

00 02 04 08 O?.migjayl)z 14 16 18 20 the ground motion displacement for 0.1-0.5 Hz. 10
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Error source estimation in horizontal axis

vs. crane position in TPS

Time: 2016/02/13 22:25-22:45

During the movement of a crane, the orbit is disturbed. From the source analysis by
response matrix between the correctors and BPMs, the sources come from the location of
original parking position and new parking position. 11



Error source estimation in vertical axis

vs. crane position in TPS

Time: 2016/02/13 22:25-22:45
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For the frequency between 0.1 to 1 Hz, the integrated rms ground
motion is in the order of mm. The motion is almost coherent in all
ring.

The horizontal ground motion between 0.1 to 0.5 Hz disturbs the
beam with dispersion-like pattern without feedback. Path length is
changed due to horizontal kick in quadrupoles in dispersion region
and thus energy is varied without rf frequency compensation.
Lower alpha lattice is more prominent.

For the frequency between 1 to 4 Hz, the integrated rms ground
motion is < 100 nm in vertical. The components motion excited by
the ground is almost in phase within one cell.

The location variation of the crane disturbs the beam orbit.
Thickness of the floor slab is 160 cm in the tunnel and 80 cm in the
experiment hall, respectively. The increase of the thickness of floor
slab can reduce the ground motion induced by mechanical vibration,
especially higher than 4 Hz.

13



Vertical quadrupole vibration
=0 29 Hz vibration in quadrupoles.
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"Due to ground motion (~ 3 Hz)
Vertical beam motion in BPMO011 (during beam commissioning in 2015)
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29 Hz quadrupoles vibration and beam motion were observed during beam commissioning in 2015.14



+& & ", O -

. Vertical beam motion
S mp-672.0n

Pump off 29 Hz disappear . . gﬁprypu |

TMP: turbo molecular pump

60 a0

o,  Vibration of QS5-2 in cell 21 (2015/3/24 ) .

Ty | Dry pump off

Amplitude (nm)

© 50

30

Time (hour)
Frequency (Hz)

60 I
80 100

Possible vibration propagésticgn paths Frequency (Hz)
1. Drypump pipe TMP vacuumchamber girder quadrupole beam ??

2. Drypump pipe TMP vacuumchamber beam ??
Sakuo Matsui et. al, Jpn. J. Appl. Phy. 42, L338-L.341 (2003) 15
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The spectra of beam motion and quad vibration show amplification factors
are larger at high frequency.
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Cell13 03
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As the water flow rate decreases from 10 LPM to 6 LPM, the amplitudes of chamber
vibration become ~ 1/3 around 40 Hz from cooling water induced chamber vibration.

December 13, Section 5, 08:30 - 10:00 Sakuo Matsui et. al, Jpn. J. Appl. Phy. 42, L338-L341 (2003) 17



Horizontal plane

2015/12/22 17:51:12 2016/03/17 14:07:24
Beam current=27.1 mA Beam current=29.3 mA
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As the cooling water flow rate decrease from 10 LPM to 6 LPM, the PSD of the
horizontal beam motion becomes ~ 1/10 (amplitude become ~ 1/3)

Mechanism: vacuum chamber vibration  eddy current  magnetic field
beam motion 18



Water flow: 10 LPM Vertical plane Water flow: 6 LPM

2015/12/22 17:51:12 2016/03/17 14:07:24
Beam current=27.1 mA

Beam current= 29.3 mA
The peak of 60 Hz ~10 mm?%/Hz
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As the flow rate of cooling water decreases from 10 LPM to 6 LPM, the PSD of the
beam motion becomes ~ 1/5 (amplitude become ~ 1/2) Remark: Exclude 60 Hz

To reduce the beam motion caused by water flow, flow rate reduced from 10to 6 LPM
during routine operation to optimize the induced beam motion and cooling capacity. 19
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Vibration of vacuum chamber (2) & quad (1,3,...7) Beam motion
1.5 ' ' | | | . ' ' | | |
——130 Hz
—50 Hz I
Vacuum chamber 3
= _25
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o o 2
£ 2: Shake the vacuum chamber B
E_ : 215
< 0.5 | g:
! quadrupoles 1 “
|
: l\\ 0.5 N
0 ,| T — | I | I | | I I
1 ’4’ 3 4 5 6 7 8 20 40 60 80 100 120 140 160
| BPM index

Position index
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1 3 4 3) 6 7 8

Shaking vacuum chamber at 130 Hz, the vibration of the quadruple is negligible.
Most of the beam motion is contributed by the vibration of vacuum chambers.
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Vertical direction L
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E: beam energy

38 '. '. '. '. '. ! : ! :
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As shaking one quadruple, the nearby quadruples and vacuum chamber vibrate.
The quadruples contribution to beam motion is estimated to be ~2/3 of beam motion.21




Corrector
vs. BPM

Response
Matrix R
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80 100
Corrector index
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2016/03/22

No obvious
source from
power supplies.

Based on the
response
measurement,
error sources
were found at
the straight
sections of cell
#15,17, where
SRF cavities
located.
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2016/05/11  Vertical beam motion
12 mmé/Hz

I
= -

-—--

— T
+ =

S e~
= = _ |

160
140
120
A
10 100 .ég
I
NE 8 5
= &
o 2
0 20 = =
Removed un- ® o :
- - 100 120
intentional Frequency (+0)
contact
between Earth
and Neutralof- -, -~
i R SR =Nty
power line [/~ =8 mmMIHZ
/C”/Q’" = ---+--2ITo-
W -
160
140
120 I
. o ¥
¥
% 8 é?
s Q
9 2

= -

=

80

100

Frequency (Hz)

=
o

PSD (nm?/Hz)
[4;]

2016/06/01

-

Earth
connected
to the local
grounding
bus

Frequency (Hz)

After proper rerouting the grounding
bus of transmitters, the PSD of 60 Hz

beam motion reduced to 3 mm?/Hz .
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