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Synchrotron SOLEIL & NANOSCOPIUM 

Stability:few µm over 8h 

Synchrotron SOLEIL: 

𝑒− source of photons  

NANOSCOPIUM: beamline dedicated to 

scanning hard X-ray imaging (2D, 3D)  

SS 

M1 

SP 



Vertical slow drift between SR & NANOSCOPIUM, IWAA 2016, Grenoble 3 

Summary 

1) NANOSCOPIUM optics & stability/position requirements 

2) HLS, stability issues  & data processing 

3) HLS & beam monitoring comparison 

4) Experimental hall air conditioning variations 

5) NANOSCOPIUM stability estimation 
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NANOSCOPIUM optical design 

: OH5 
: NanoProbe 

Storage Ring 

Stability/positioning criterion: 
∆𝐼

𝐼
< 10% photon beam loss of intensity after SS of 10 x 10 µm opening 

𝑧ℎ𝜈/𝑀1_𝑆𝑆 < 4µ𝑚 

𝑧′ℎ𝜈/𝑀1 < 10µ𝑟𝑎𝑑 

𝑧ℎ𝜈/𝑆𝑆 = −𝑴𝒗. 𝑧ℎ𝜈/𝑀1 < 10µ𝑚 

Optical axis defined by 𝑀1 & 𝑆𝑆 

𝑀1 𝑆𝑆 Source pt 
𝐷1 = 22.6𝑚 𝐷2 = 57.2𝑚 

Defined by 𝑒− BPMs position 
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NANOSCOPIUM HLS design 

BPM9 

NanoProbe 

BPM2 XBPM MI-E MI-S SS-E1-2 SS-S 

𝐷 = 9.9𝑚 𝐷 = 22.6𝑚 𝐷 = 79.8𝑚 

𝐿 = 4.3𝑚 

0 

OH5 hutch hall SR tunnel 

e- beam 

hν beam 

Source Point 

(SP) 
Secondary Source 

(SS) 
M1 

Survey of vertical slow drift 

of strategic monitors & optics 

with HLS  

 
 1  

 1  

    

    

At  =   

At  =   

Sensors with 1mm range 

16 bits DAC for 0-10V 

Half-filled rigid pipes Fogale HLS 
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Tidal effects on free surface of water (FSW) 
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Nanoscopium: Tidal effects over 80m

I13-LN-C00/EX/TANGOPARSER.1/LectHLS1/read I13-LN-C00/EX/TANGOPARSER.1/LectHLS8/read Inclination

12h
HLS readings at both ends

Gravity inclination

z 

dz due to gravity > 10µ𝑚 

12h25 
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Spatial differential processing (SDP) 

- A differential processing is necessary: 

- The relative position of points does not depend on the referential 

Calculation reference line wrt 𝑃1, 𝑃  

Measurement reference line (or curve) wrt 𝑔  

z 

Optical axis defined by 𝑀1 & 𝑆𝑆 centers 

𝑀1 𝑆𝑆 𝑒− Source pt 

𝐷1 = 22.6𝑚 𝐷2 = 57.2𝑚 

- Optical design defines relative z variations 

z 
sensors & SDP configuration 
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Spatial differential processing (SDP) 

Calculation reference line wrt 𝑃1, 𝑃  

Measurement reference line (or curve) wrt 𝑔  

𝑃1 𝐿1  𝑃 𝐿  

𝑃 𝐿  

𝑧 

- 𝑧𝑛~𝑟𝑛 − 𝑟1𝑛 +
𝑟2𝑛−𝑟1𝑛
𝐿2−𝐿1

∗ 𝐿 − 𝐿1  

- 𝑧0𝑛 = 𝑧𝑛 − 𝑧0 (temporal differential processing) 

z 



Calculation reference line wrt 𝑃1, 𝑃  

Measurement reference line (or curve) wrt 𝑔  

𝑃1 𝐿1  𝑃 𝐿  

𝑃3 𝐿3  

𝑧’ 

𝑃4 𝐿4  
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Spatial differential processing (SDP) 

- 𝑧′𝑛 =
𝑟4𝑛−𝑟3𝑛
𝐿4−𝐿3

−
𝑟2𝑛−𝑟1𝑛
𝐿2−𝐿1

 

- 𝑧′0𝑛 = 𝑧′𝑛 − 𝑧′0 (temporal differential processing) 

z’ 
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Spatial differential processing (SDP) 

- Process for Storage Ring 168 HLS at SOLEIL: least square plane of the  

𝑃𝑛 𝑥𝑛, 𝑦𝑛  

Measurement reference plane wrt 𝑔   

𝑃1 𝑥1, 𝑦1  

𝑃 𝐿  
𝑃3 𝐿3  

𝑃4 𝐿4  
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Calculation reference plane: least square solution wrt 𝑃𝑛 𝑥𝑛, 𝑦𝑛  
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Stability test of HLS sensors 

z 

~70𝑚 

Invar link  

Steel blocks 

HLS 

sensor 
HLS 

sensor 

- 

2 parallel networks  : 0,14 µ𝑚 over 8 ℎ 

(Preliminary test (IWAA 2006) : 10 µ𝑚 over 1 𝑦𝑒𝑎𝑟) 

Steel blocks  : 0,07 µ𝑚 over 8 ℎ 
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Approximate estimation of HLS sensors stability 

𝑧ℎ𝜈/𝑀1_𝑆𝑆 < 4µ𝑚 

𝑧′ℎ𝜈/𝑀1 < 10µ𝑟𝑎𝑑 

𝑧ℎ𝜈/𝑆𝑆 = −𝑴𝒗. 𝑧ℎ𝜈/𝑀1 < 10µ𝑚 

𝑀1 𝑆𝑆 𝑒− Source pt 

1𝜎 = 0,1µ𝑚 

1𝜎 = 0,03µrad 

 

1𝜎 = 0,26µ𝑚 

z’ 

z 
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Beam monitoring 

z 

Photon beam linked to 𝑒− beam 

(physics for a constant gap)  
B

P
M

 

B
P

M
 

X
B

P
M

 

𝑒− 
Photons 

Mixing BPM & XBPM measurements in terms of displacements is relevant at constant gap  

 beam measurement 

or monitoring 
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HLS & (X)BPM sensors through SDP 
ℎ
=
3
6
4

 (X)BPM 

HLS 

FSW 

Stands 

Slabs 

Beam XBPM 

2 BPM 

𝒛𝑿𝑩𝑷𝑴/𝑩𝑷𝑴𝒔 

𝑯
=
𝟑
𝟔
𝟒

 

𝑩𝑷𝑴  

𝑯𝑳𝑺 

𝑿𝑩𝑷𝑴 (𝒐𝒏𝒍𝒚 𝒔𝒕𝒂𝒏𝒅)  

𝑩𝒆𝒂𝒎 𝒎𝒐𝒏𝒊𝒕𝒐𝒓𝒔 

20

21

22

23

24

25

26

27

28

29

30

-0.020

-0.015

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

4
/6

5
/6

6
/6

7
/6

8
/6

9
/6

1
0

/6

1
1

/6

A
m

b
ian

t te
m

p
e

ratu
re

 (°C
)

z 
(m

m
)

HLS-Beam comparison at XBPM location through SDP

HLS XBPM 10 Moy. mobile sur pér. (SR temperature) 10 Moy. mobile sur pér. (Hall temperature)

Beam Diag 

HLS

SR Temperature

Hall Temperature

𝑆𝑇𝐶𝐻𝐿𝑆/𝐵𝑒𝑎𝑚 = ~1,4µ𝑚 𝑝𝑡𝑝, 8ℎ  

z z 

Strongly correlated 

to hall temperature 

Use of SDP with HLS & beam monitors 

Slab deformation 
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Air conditioning of the hall 

 
  

Les buses supérieures soufflent à l’horizontal pour longer la toiture 

Les 2 buses supérieures soufflent vers le haut de l’anneau de stockage (-10°) 

3,4m 
20m 

Les grilles de diffusion soufflent à l’horizontal 

Toiture 

Anneau Coursive externe 
Coursive interne 

6000 m
3

/h. 

PT100 thermo sensor 

Close loop AHU 

Open loop AHU 

PT100 thermo sensor 

Heating pre-processing Straight Section wall 

Vertical gradient 

1°C Superimposition of: 

- vertical gradient 

- 1°C appr. 24h period 

SR Hall 
SR 

Hall 

Side view of the synchrotron building 
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Heat diffusion through the SR wall 

∆𝜃 𝑡 =
𝛼𝐿∆𝑧𝑇𝑤 𝑡

𝐻
 

𝛼 : Thermal expansion 

∆𝑧𝑇𝑤 𝑡  : Vertical thermal gradient through 𝐻 

 

∆𝑧𝑇𝑤 𝑡 = 𝑇𝑤,𝑡𝑜𝑝(𝑡) − 𝑇𝑤,𝑏𝑜𝑡𝑡𝑜𝑚(𝑡) 

1D heat equation for harmonic response 𝜔 =
 𝜋

𝑃
, 𝑃 = 24ℎ : 

𝑇𝑤 𝑥, 𝑡 = 𝑇𝑤𝑓 . 𝑒
−

𝜔
 𝑎

𝑥
. cos 𝜔𝑡 −

𝜔

2𝑎
𝑥  

𝑆𝑅 𝑡𝑢𝑛𝑛𝑒𝑙 

𝑆𝑙𝑎𝑏 𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

∆𝜃(𝑡)

2
 

𝐻 
∆𝑧𝑇𝑤𝑓(𝑡) 

𝐿 

∆𝜃(𝑡)

2
 

𝑩𝑷𝑴 𝑩𝑷𝑴 
𝑿𝑩𝑷𝑴 

𝑧(𝑡) 

𝐻𝑎𝑙𝑙 

𝐷 

∆𝑧𝑇𝑤 : wall temperature difference along the z direction 
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Heat diffusion through the SR wall 

∆𝜃 𝑡 =

𝑎𝑃
2𝜋

sin 𝜔𝑡 + 𝜋 4 

𝑤𝑎𝑙𝑙𝑡ℎ𝑖𝑐𝑘

𝛼𝐿∆𝑧𝑇𝑤𝑓 𝑡

𝐻
 

𝑧 𝑡 ~

𝑎𝑃
2𝜋

sin 𝜔𝑡 + 𝜋 4 

𝑤𝑎𝑙𝑙𝑡ℎ𝑖𝑐𝑘

𝛼𝐿𝐷

2𝐻
∆𝑧𝑇𝑤𝑓 𝑡  

𝑆𝑧/∆𝑧𝑇𝑤𝑓 =
𝑧(𝑡)

∆𝑧𝑇𝑤𝑓(𝑡)
=

𝑎𝑃
2𝜋

sin 𝜔𝑡 + 𝜋 4 

𝑤𝑎𝑙𝑙𝑡ℎ𝑖𝑐𝑘

𝛼𝐿𝐷

2𝐻
 

Angular variation of the straight section wall (SP) : 

XBPM Z variation   : 

Thermal susceptibility of the straight section slab : 
𝑆𝑅 𝑡𝑢𝑛𝑛𝑒𝑙 

𝑆𝑙𝑎𝑏 𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

∆𝜃(𝑡)

2
 

𝐻 
∆𝑧𝑇𝑤𝑓(𝑡) 

𝐿 

∆𝜃(𝑡)

2
 

𝑩𝑷𝑴 𝑩𝑷𝑴 
𝑿𝑩𝑷𝑴 

𝑧(𝑡) 

𝐻𝑎𝑙𝑙 

𝐷 

∆𝑧𝑇𝑤 : wall temperature difference along the z direction 
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Thermal test Hall June 2014: Periodic deformation vs temperature

Inner wall, top, bottom

Hall ambiance: 

Inner wall : : ( )  
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Heat diffusion, experimental results: June 2014 

Parameter Theoretical Measured

time shift 4 <1

1.2 3

12

N/A 3

z 

∆𝑧𝑇𝑤𝑓 

SR tunnel ambiance 

Hall ambiance : 𝑇ℎ 

∆𝑧𝑇𝑤 : wall temperature difference along the z direction 

Wall face, top 

Wall face, bottom 

Slab face 

  

5𝑐𝑚 
1𝑚 

Insulating cover 

for thermo sensor 

Hall Tunnel 

1 day 
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Heat diffusion, experimental results : conclusion 

- Heat diffusion modelization have given not perfect results. 

- The main question has been solved: a vertical temperature gradient variation has been 

identified into the wall and 𝑍𝑋𝐵𝑃𝑀/𝐵𝑃𝑀 through HLS & beam diagnostic sensors is clearly 

correlated with both, 𝑇ℎ𝑎𝑙𝑙 and ∆𝑧𝑇ℎ, 

z 

𝑆𝑅 𝑡𝑢𝑛𝑛𝑒𝑙 

𝑆𝑙𝑎𝑏 𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

∆𝜃(𝑡)

2
 

𝐻 ∆𝑧𝑇𝑤𝑓(𝑡) 

𝐿 

∆𝜃(𝑡)

2
 

𝑩𝑷𝑴 𝑩𝑷𝑴 
𝑿𝑩𝑷𝑴 

𝑧(𝑡) 

𝐻𝑎𝑙𝑙 

𝐷 

- However, Z & Z’ of source point are not known through this modelization 

- We only can try to correlate hall temperature & HLS measurement along the beamline 
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Estimation of slabs displacements through SDP2 

60µ𝑚 over 6 month  

a good infrastructure design 

z 
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Vertical displacement between straight section and OH5 slabs over 6 months

from HLS readings 

0,06mm

6 months

60µ𝑚 

6 Months 

𝐷 = 80𝑚 

𝐿 = 4.3𝑚 

OH5 slab SR slab 

2 BPMs (SP) Secondary source (𝑺𝑺) 

Unfavorable ratio 

 

Raw HLS readings 



20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

-0.05

-0.04

-0.03

-0.02

-0.01

0.00

0.01

0.02

0.03

0.04

0.05

1
5

/1
1

/1
4

2
2

/1
1

/1
4

2
9

/1
1

/1
4

6
/1

2
/1

4

1
3

/1
2

/1
4

2
0

/1
2

/1
4

2
7

/1
2

/1
4

T (°C
)

z 
(m

m
)

NANOSCOPIUM beam at secondary source: z stability over 8h

over 8h

Hall temperature

over 8h:

success rate over 5 
weeks: 80% 
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Z Beam stability through NANOSCOPIUM optics 

Extrapolated z variations of the 

beam on SS as a function of HLS 

variations 

Sucess rate over 5 weeks: 80% 

𝑧ℎ𝜈/𝑀1_𝑆𝑆 < 4µ𝑚 

𝑧′ℎ𝜈/𝑀1 < 10µ𝑟𝑎𝑑 

𝑧ℎ𝜈/𝑆𝑆 = −𝑴𝒗. 𝑧ℎ𝜈/𝑀1 < 10µ𝑚 

Optical axis defined by 𝑀1 & 𝑆𝑆 

centers 

𝑀1 𝑆𝑆 𝑒− Source 

pt 

𝐷1 = 22.6𝑚 𝐷2 = 57.2𝑚 

Defined by 𝑒− BPMs position 

z 

No strong correlation between hall 

temperature and beam vertical position 

at the SS location 
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NANOSCOPIUM beam at source point: z' stability over 8h

Hall temperature

over 8h:

success rate over 3 weeks: 
100% 
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Z’ Beam stability through NANOSCOPIUM optics 

z’ variations of the beam on M1 as 

a function of HLS variations 

𝑧ℎ𝜈/𝑀1_𝑆𝑆 < 4µ𝑚 

𝑧′ℎ𝜈/𝑀1 < 10µ𝑟𝑎𝑑 

𝑧ℎ𝜈/𝑆𝑆 = −𝑴𝒗. 𝑧ℎ𝜈/𝑀1 < 10µ𝑚 

Optical axis defined by 𝑀1 & 𝑆𝑆 

centers 

𝑀1 𝑆𝑆 𝑒− Source 

pt 

𝐷1 = 22.6𝑚 𝐷2 = 57.2𝑚 

Defined by 𝑒− BPMs position 

Sucess rate over 3 weeks: 100% 

z’ 

No strong correlation between hall 

temperature and beam vertical position 

at the SS location 
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NANOSCOPIUM beam at secondary source: Comparison closed loop & HLS

Closed loop encoder

Beam at SS (HLS)
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Z Beam stability through positioning closed loop 

z 

Slow closed loop with beam diag at 

SS location : M2 tilt is the actuator 

𝑀1 𝑆𝑆 SP 

𝑀2 𝑡𝑖𝑙𝑡 

Positioning 

closed loop 

Unexplained peaks 

Long term correlation to be studied 
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Conclusions 

Beam monitors & HLS comparison:  

- Micrometric accuracy for slow drift measurements. 

Thermal daily variations of the Experimental Hall: 

- Induces the straight section slab deformations 

Slab z variation: 

between straight section and OH5 is about 60µm over the 6 last months.  

Beam stability over 8h at the secondary source: 

- Reaches the 10µm stability requirement with in average a success rate of 70% but 

position closed loop corrects it. 

- Better than the 10µrad of z’ requirement in 100% cases 
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Have a good lunch!!! 


