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SOLEIL Project

SYNCHROTRON
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SULEIL Storage Ring

o Study of the Qpole alignment => definition of the closed orbit

o 160 Qpoles, 120 Spoles, 56 girders, 24 straight sections,
o 354m circumference

Other synchrotrons:
SLS ;9 92m
SOLEIL :g2113m
ESRF :927/3m
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SULEIL

SYNCHROTRON

Physicists’s request:

minimisation of
correctors

Storage ring positioning specifications

V4
S (¢)
oles & Spoles
QP _ P girder
S [ girder
O (mm) 0.50 0.20 0.50
o, 0.50 0.02 0.05
o, 0.50 0.02 0.05
s (mrad) 0.1 0.1 0.1
Gy 0.2 1 1
Gy, 0.2 1 1
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SOLEIL First step: Qpole alignement on girders

SYNCHROTRON

Qpole Girder

Magnet comp. |-— Magnetic bench

Correction Shims

}

Machined references «

}
Mounting

= ———

Qpoles / girder

\ 4

g | STRS00-Nivel20 survey




SULEIL BMS & Positioning systems: Magnet comparator

SYNCHROTRON

emechanical/magnetic method (shims)
scheck positioning by optics/mechanics (comparators & laser beam)

*Designed by GMI, CI & AM groups
Magnet comparator
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SULEIL Magnet comparator

SYNCHROTRON

'ivel20 ——

—

4 Displacement
sensor

Z calibration
bench
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SOLEIL Magnet comparator on the BMS

SYNCHROTRON

Bench references:

X pin, Z plane ﬁ"'o L= K-
| [/
4 [ ﬁéi:@ _

Differential meas
between Qpoles \
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SYNCHROTRON

SOLEIL Checking of magnets on their girder

Differential measurements
between Qpoles
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SULEIL

SYNCHROTRON

Qpole

Girder

Magnet comp. ’~— Magnetic bench

Correction Shims

}

Machined references «

}
Mounting

= ———

Qpoles / girder

\ 4

STR500-Nivel20 survey

v
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SCLEIL  Horizontal (o) error budget: magnet/girder

SYNCHROTRON

14"
C mag; | C mag;
Mag. Meas. | 3 i 3
VAR
Mag. sensor i Mag. sensor
< Bench stability | 3 i 3
shim 7 i I
Pos. yoke 3 ; 3
. Thermal 3 \ | / 3
/ X pin X pin
X-ZCoupl. |8 | 8
< 6"
I\/Iechanicali ref (girder)
- Magnet M, Magnet M,
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SULEIL Checking loop on a girder: achievements

SYNCHROTRON

Ecart-type: | Xey (UM) | Zoy (MM) | Tiltgy (Mm/m)
per girder: 15.2 10.6 0.053
for the orbit: 14 9 0.053

It shows the excellent work of both,
girder machining and magnetic measurements

directed by other Soleil teams (Cl, GMI groups)
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SULEIL 2nd step: method for the alignment of the girders

SYNCHROTRON r

Survey {

Calculations <

Adjustment &
control of :
backlash, <
X-z coupling
blocking effect

Survey HLS (z,6,) [*

A

Survey (X,9) )
TDAS005, Ecartometer |

Ring shape cal

culation (s,X,2)

\4

3D parametres of girders (5 DOF)

A\ 4

Calculation of displ. sensors reading

l

Reading of displ. sensors

A4

bloc

Displacement (z, 6,) then (X,s)

king
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SOLEIL Planimetry

SYNCHROTRON

e ©Leica TDA5005: A
CCUracy.

310%deg
0.10 mm

o ©Symétrie Wire Ecartometre:

Repetability: < 0.01mm
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SULEIL

SYNCHROTRON

TDAS5005: general shape & diameter
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SULEIL Wire ecartometre: local smoothing

SYNCHROTRON

Differential measurements
between Qpoles
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SYNCHROTRON

SULEIL Heidehnein sensors & Excel for girder adjustment

5 DOF = 5 sensors

PN
&N

r

Sensors directly linked
to Excel to manage the

Sensors (on movable tool)

fixed on the foot .
B 3D corrections
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SULEIL Horizontal (o ) Error budget: girder/girder (tunnel)

SYNCHROTRON

local alignt errors «-+ 30% 1+ .’\300} +» global alignt errors

. C mag; - C mayg; | C mag; - C mayg,
Mag benchs : . | X
. Mech. Align.| 15 / i \ 15
Girder 1 LinkC,-SM| 8 | 3
¢ Tilt lever arm | 5 \ i / 5
Machine Girder adjust. |15 i 15
- Ecartometer+TDA5005
e, lO*'il'BOO
Pafim T i TDA Scale factor
?lE ~ Magnet M; ... Magnet M, i Magnet M; ... Magnet M,
....................... Girder G i Girder G
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SULEIL Achievement: global shape
SYNCHROTRON
ANS Qpole magnetic centres
00 Circumference: 3.5ppm
- oc=+4.5mm (mach. Phys.)
| 5c=+3.2mm (Alignment)
= 1.00 3
= ®,
q o) 8
;i’ > &«%ﬁ & f? o | ® Yole +0.51mm
0.50 g)e%é—g & ?%f ey - “Lgém -
R QQ«% & |
0.00 | ¢ fL ALy fr Lﬁ%# RN . !.J ':.a-.w1 N
0.50 1 ‘ 5‘ ‘ 9 ‘ ‘ 13 ‘ 1 : Cell
0 50 100 150 200 250 300 350 400
S (m)

—-—Aug 06 = March 06
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SOLEIL Achievement: local smoothing

SYNCHROTRON

Storage Ring Qpoles Magnetic Center Aug 2006
( Smoothing by polygonal adjustment Std=57microns)
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SULEIL Altimetry: HLS network

SYNCHROTRON

Fogale HLS - e = HLS\

HLS sensor
/ @20mm

Valve g20mm \
Collector g40mm
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SVLEIL Preliminary Stability tests

SYNCHROTRON

Existing system
(110m linean g26mm)

X Ecart-type
\ Planned Exten
(canceled)

0.010

H8Mm—»
Concrete structure | { /
T 0.008 - M
0.006 - )
il
0.004

Nl

O.OOOI—‘“‘.‘/M N = = =

-STCelec = (10um, 1 year)

o (mm)

6¢C

© w o N w nN
T & ' ; ° @

-9z
kg

=
@

Date

-Worse case since it integrates electronics, mechanical mounting
(& slab twist)
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SULEIL 1rst order approximation:

Free Surface of Water (FSW) as a plane

Filling test on HLS network
o) \\\ STC = (£7um, 3h)
0.06 -
Stability residual amplitude = +7;m

0.04 - l
g 002 N N ‘ Transparent (0] any event
&8 002 ) i AN

004 | Stabily defay=3h Transfert function of Mean Plaane

N (8 sensors)

-0.08 . .

011 ] : : : : Sampling period: 2s — A

g 5 Z : : 1E-04

Time (h) 1E-05 - /
1.E-06 :

Signal processing: N "
1.E-07 V |

1.E-08
I - MPS g k 1.E-09 = 3h
1mn ]Ih 1(1ay

1.E-10 T T
l 0.001 0.01 0.1 1 10 100
T (hour)
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SULEIL

SYNCHROTRON

Power spectral density

mm/Hz

PSD on HLS sensors (11days)
Sampling period: 15mn

T=12h appr.

0.1

0.01

0.001

il
VAV

0.0001

'|| ‘ | ‘ \/V U \/I\/Iean plane slope (8 sensors)

5.5 days

0.00001
0.1

I T T
1 10 100 1000
T (hour)

0.5

o
w

o
N}

0

pel 9-0T

N

Mean plane slope (8 sensors)
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SULEIL Primary goal: FSW is the adjustment reference plane

SYNCHROTRON

Measuring path

Optical measurements

Survey monument (SA28) -
Tilt measurements (
"Magnet comparator’ /”w _______

(STR500)

—— HLS sensor

4 machined

Initially planed: k /
Positioning path

Once a year: — _ :\
Stainless steel T e
calibration _——
block

™ reference plane

_ HLS sensor

machined

reference plane
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SULEIL

SYNCHROTRON

HLS determination compared to N3 leveling

Storage ring profile from HLS and N3 leveling

O comparison— 57Hm

0.500 I
0.400
0.300 - I
0.200 l
0.100 {1 , %‘
e 2’ %-_ '- lﬂ-L
£ 0.000 - -. A
-0.100
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'0500 T T T T T T
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SULEIL

SYNCHROTRON

Achievement: Residuals related to FSW

ANS Qpoéles magnetic centers Aug 06
Residuals / mean plane, 6 = 63 um
0.50
0.40 -
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0.20
—~ 0.10 Tlw " Ill . " T
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SOLEIL Conclusion

SYNCHROTRON

e The achieved result must not be considered as the ultimate accuray
 However, they are excellent according to the machine physics results:

« Beam envelope (BPM measures) => 0.02mm on girder
0.05mm/girders

 Acknowledgments:
« Alignment is a domain that is essentially ‘transverse’ that concerns:

e magnetism, mechanics, positioning. The AG can be seen as a ‘link’ between
the other groups in terms of alignment.
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