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QOutline

Crab-Cavities in SPS accelerator

= Internal monitoring

= Crab-Cavities project

Dipole-test in SM18

= Dipole Test project
(Test for HL-LHC quadrupole)
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Internal monitoring

Obijective : determine the position of inner component inside a vacuum vessel (Cryostat, Cryomodule)

Environment :
« Temperature : 1.9 K (Cryogenics conditions) ~ - 271°C

 Vacuum : 10-6 mBar
« Radiation : 1 MGy / year

Accuracy :
* 0.1 mm w.r.t. vacuum vessel

Crab-Cavities
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FSI : Frequency Scanning Interferometry

Absolute distance measuring interferometric technique

; Measured distance
'ﬁ

Fibre mount

I
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: : Collimator Aspheric lens
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Optical fibre ' Focal r /L! N
oint \..v/
s N | '_| Retro-reflector
\ (CCR 1.5)
Connector
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Accuracy :
0.5 um per meter

Vivien RUDE




Crab-cavities project

Feedthrough Cryomodule

Crab-cavities
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Configuration

8 FSI distances by Cavity for 7 unknowns

 Vacuum : Ambient

Temperature : Ambient
Cryomodule D

Thermal shielding

Vacuum : 10°® mbar
 Temperature : 4 K
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Validation at Warm condition

ESI

(absolute distances)

BCAM

(Angle measurements)

Laser Tracker
(Angles and distances measurements)
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Intercomparison between FSI/ BCAM / Laser Tracker (Before cooling down)
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FSI, BCAM systems precision better than 50um (10), crosschecked with AT401 laser tracker measurements
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Cooling Down in SPS : From 293 K to 4K Accuracy : < 50 um (1o)

e determined with FSI| measurements : RELATIVE ((K) |

Z (mm) - RELATIVE Vertical position
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Intercomparison at Cold condition (FSI — BCAM)

MNominal position (300K}

== = Nominal position (2K)

determined with FSI measurements
— determined with BCAM measurements

Z {mm) - Vertical position

...........................
............................
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Long term stability 320

T T 1.2
Since April 2018, the monitoring of the Crab- 20| | ¢ | | 4 1.05
cavities worked correctly. { | \
240 i I f 0.9
Precision (10) | i £
—_ ! S
Tx (radial) +1- 25 pm S0l || | 075 W
—_ 1
Ty (longitudinal) +/- 45 pm < x \ -
o) t i
Tz (vertical) +/- 10 ym % 160 - 106 ©
Rx (pitch) +/- 30 prad o] | : g
= ! =
Ry (roll) +/- 150 prad Q@ 1200 | t 045 g
Rz (yaw) +/- 70 yrad t I -
80 - l t | 403
Scale +/- 60 ppm 1 T i
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40F | l f ! H0.15
| . |
0 ‘dl ! LF ' k_l -J \—_—l_¢—4— |\“_*—7—7_¢-| 0
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Redundancy : Time

« 8 observation for 7 unknowns - 1 degree of freedom
 If some optical sight views are not possible = Hypothesis (for example : Fixed Ry or Tx)

C
=)

26.08.2019 Vivien RUDE



Dipole test
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Objective

In order to validate the internal monitoring solution for the Low-Beta
guadrupoles, a dipole has been used as test setup.

Section 1

Section 2

« Vacuum : 10® mbar
« Temperature: 1.9 K
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Configuration

Long object (15 m) - Cryostat and cold mass may not be considered as rigid body - Measurement on 3 sections

Deformation up to 0.25 mm has been observed
on the cryostat and the cold mass
Section 1 during transport and during cool down

Section 2

Section 3

12 distances measurements (FSI system)
« 3sections
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Summary of first tests (2017 - 2018)

Cryo-condensation

Cryo-condensation on the laser reflectors is a main showstopper for optical distance measurements in
“dusty” cryostat

-
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Insulated support
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isiti . FS
Test summary (end 2018) FCaUs Ton Systen

Commercial : Etalon
Multi-Targets : CERN

FSI Head

Feedthrough (adjustable)
Feedthrough (fixed)
Window

D
o
()
P

RRRRRRRRRRRRRRRRRRR

Collimator

Vacuum : Ambient . T —.
Temperature : Ambient

Divergent collimator
Cryostat

Targets

Newport reflector (3 mirrors)

Vacuum : 10°® mbar Glass sphere without coating

Temperature : 180 K Glass sphere with coating

Temperature : 4 K

Target Support

Insulated target
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TEMPERATURE [K]

Schedule
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1-Nov-18
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Date

3 Cooling-down

1-Dec-18

1-Jan-19
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N Warm / Cold 1 : Oct.2018 Warm / Col 2 : Nov.2018 Warm / Col 3 : Dec.2018 |_ eg en d
7238 : ‘ ‘ 728 . : ‘ 7258 : . .
727 - 727+ R 727} s - ETALON (FSI)
WARM (293 K) @ *  Window (crossing)
X P R PR -2 R SR heneerrnnnnnnes T8 faemnnngreanasnssananns F * Newport prism
725} . 725 . 725} =
* Lasertacker
*  Newport prism / Glass sphere
724 . 724 - 7241 4
723 = 723 = 723 = «  MT-FSI
@ *  Window (crossing)
722 = 722 R 722 B * Glass sphere
€ € 3
E E E
g 7211 = T2 . g 7211 E *  MT-FSI
= £ = @ *  Window (crossing)
= L 1 = »L ] - ) «  Newport prism
719+ = 719+ s 7191 E « ETALON (FSI)
@ *  Window (crossing)
7181 i 718 | 71801 i *  Glass sphere with coating
7 +/-0.1 mm T - T = MT-FSI
: +  Window (crossing)
T8, TR | L) S AT el T C OLD(4K) *  Glass sphere with coating
°
7151 oo | 7150 . 715 - *  MT-FSI
@ * Feedthrough
03 04 05 06 07 03 04 05 06 07 03 04 05 06 07
Radial [mm] Radial [mm] Radial [mm]
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Warm /Cold 1 : Oct.2018 Warm /Col 2 : Nov.2018 Warm /Col 3 : Dec.2018 |_ eg en d
75.2 . . ! 75.2 . ! ‘ 75.2 | | :
+/- 0.1 mm
724 7 72 7 « ETALON (FSI)
° WARM (293 K) @ *  Window (crossing)
........ T T R R M e SR A B A e « Newport prism
749 - 749 -
* Lasertacker
*  Newport prism / Glass sphere
748 . 7481 - 7481 -
747 . 747 = 747 - «  MT-FSI
@ *  Window (crossing)
746 |- . 746 - h 746 |- - * Glass sphere
e e E
£ E E
g4 1 gr4sp 2 TT451 . *  MT-FSI _
= = € *  Window (crossing)
744l 1 a4l - ~ 744l - * Newport prism
743 s 7431 s 743 - « ETALON (FSI)
@ *  Window (crossing)
742 | 742 | 749 i *  Glass sphere with coating
+/- 0.1 mm
741 : 741 +/-0.1 mm : 7411 s «  MT-FSI
*  Window (crossing)
..... ab ). FRRESEIRI- 7| SN e—r— JA.COLD(4K) *  Glass sphere with coating
°
7391 . 7391 . 739} - *  MT-FSI
@ * Feedthrough
21 22 23 24 25 21 22 23 24 25 21 22 23 24 25
Radial [mm] Radial [mm] Radial [mm]
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Warm /Cold 1 : Oct.2018 Warm /Col 2 : Nov.2018 Warm /Col 3 : Dec.2018 |_ eg en d
772 | | : 772 | | | 772 | | |
774 = RS - 774 - «  ETALON (FSI)
WARM (293 K) @ *  Window (crossing)
Y e e s SR [ P — P L4 e —— Y — Thannnnnssassannnnnnnnnnnnnnnnns «  Newport prism
® [
769 - - 76.9 - - 769 - -
* Lasertacker
*  Newport prism / Glass sphere
76.8 s 76.8 - E 76.8 - -
767 - 767 - - 767 - - «  MT-FSI
@ *  Window (crossing)
766 - - 766 - - 766 - - * Glass sphere
€ € €
£, E E,
T 765 - gTesf - T 765 - . MT-FSI
£ i < @ *  Window (crossing)
7 764l 1 T sl - 76l - *  Newport prism
763 - - 76.3 - E 763 - - + ETALON (FSI)
@ *  Window (crossing)
762 L N 762 i 762 L i * Glass sphere with coating
+/- 0.1 mm
761 |- = % 0.1 mm . 761 |- . e MT-FSI
*  Window (crossing)
°
.18 R v FEp—— ilssssisigsilssisisissass " — WBlssssaspassssasisssasaiais * —— COLD(4K) *  Glass sphere with coating
759 4 754 ® . 759 . «  MT-FSI
@ * Feedthrough
75.8 | | | 75.8 | | | 75.8 | | | * G|3.SS Sphere Wlth Coatl
39 4 41 42 43 39 4 41 42 43 39 4 41 42 43
Radial [mm] Radial [mm] Radial [mm]
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Conclusion

Multi-Targets
Acquisition system

Feedthrough

Cryostat

\ Divergent

collimator

Insulated target

Glass sphere
WITH coating

Acquisition system : FSI

Commercial : Etalon

Newport reflector (3 mirrors)

Multi-Targets : CERN Glass sphere without coating
Glass sphere with coating

FSIHead

Feedthrouh adjustable
Feedthrouh fixed

Wlndow

Collimator

Parallel lens

Divergent collimator

Target Support
Insulated target

Nothing
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Internal monitoring

Z (mm) Z (mm)
- @

X (mm) R (mm)
Tx (radial) +/- 25 pm Tx (radial) +/- 50 pm
Ty (longitudinal) +/- 45 ym Ty (longitudinal) +/- 55 pm
Tz (vertical) +/- 10 ym Tz (vertical) +/- 15 pm
Rx (pitch) +/- 30 prad Rx (pitch) +/- 5 prad
Ry (roll) +/- 150 prad Ry (roll) +/- 1500 prad
Rz (yaw) +/- 70 prad Rz (yaw) +/- 5 yrad
Scale +/- 60 ppm Scale +/- 10 ppm
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SPARE
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N Warm /Cold 1 : Oct.2018 Warm/Col 2 : Nov.2018 Warm /Col 3 : Dec.2018 |_ eg en d

72.8 , . . 72.8 | ‘ , 72.8 | | ,
727 B 27 } 27 7 *+ ETALON (commercial)
N WARM (293 K) @ *  Window (crossing)
7261 2 . 726 (@] . 726 - - *  Newport prism
725 1 725 1 725~ .
* Lasertacker
*  Newport prism / Glass sphere
724 1 - 72.4 - s 72.4 - 7 .
Section 1
723 - 723 - 7231 - *  Multi-targets
@ *  Window (crossing)
722 - 722 - 722 - * Glass sphere
E E E
E E E :
g1l 1 gl _ F24 - i *  Multi-targets
= £ 2 @ *  Window (crossing)
= L 1 7 Ll , - ] *  Newport prism
719 s 719 - 719 - + ETALON (commercial)
@ *  Window (crossing)
71801 N 71801 ] 7181 i * Glass sphere with coating
M7k +/- 0.1 mm 44| - M7 - +  Multi-targets
*  Window (crossing)
Z1al / \ 218l | el @ | COLD (4K) +  Glass sphere with coating

* Feedthrough

71.4 | 1 71.4 1 | | 71.4 1 1 | ° G|3.SS Sphere Wlth Coatl
0.3 0.4 0.5 06 0.7 0.3 0.4 0.5 0.6 0.7 0.3 04 0.5 06 0.7
Radial [mm] Radial [mm] Radial [mm]

) )
715} 4o | 715 - 715 . @ +  Multi-targets
1
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Warm /Cold 1 : Oct.2018 Warm /Col 2 : Nov.2018 Warm /Col 3 : Dec.2018 |_ eg en d
75.2 : : ‘ 75.2 : ‘ : 75.2 : : ;
+/- 0.1 mm
[CANy [EAy 7 7BAr 7 *+ ETALON (commercial)
A A WARM (293 K) @ *  Window (crossing)
751 T 751 . 751 @ . *  Newport prism
749 — 749 = 749 =
* Lasertacker
*  Newport prism / Glass sphere
7481 = 748+ - 7481 -
Section 2 ,
747+ R 747 = 74.7 - *  Multi-targets
@ *  Window (crossing)
746 . 746 . 746 . * Glass sphere
=3 E E
E E £ .
S 745] | Frast | T 7450 i *  Multi-targets
E E E @ *  Window (cr_ossing)
744+ . 7441 . 7441 - * Newport prism
743 = 743+ = 743 - + ETALON (commercial)
@ *  Window (crossing)
7420 | 7420 | 7400 | * Glass sphere with coating
+/- 0.1 mm
741} . 7411 +/- 0.1 mm R 741+ E *  Multi-targets
‘ *  Window (crossing)
74l @ i 74l i 74l /A | COLD (4 K) * Glass sphere with coating
o "
739+ - 739+ N . 7391 . *  Multi-targets
@ * Feedthrough
738 | | | 738 | | | 73.8 | | | ° GIaSS Sphere Wlth Coatl
21 22 23 24 25 21 22 23 24 25 21 22 23 24 25
Radial [mm] Radial [mm] Radial [mm]
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Warm / Cold 1 : Oct.2018

Warm / Col 2 : Nov.2018

Warm / Col 3 : Dec.2018

Legend

ETALON (commercial)
Window (crossing)
Newport prism

Laser tacker
Newport prism / Glass sphere

77.2 T I T 77.2 ‘ | I 772 T I T
771 — AR - AR -
77 - 77 - — - 77 - 1.: -
© D
.\’/
76.9 - . 76.9 - - 769 -
76.8 - — 76.8 - - 76.8 -
76.7 - N 76.7 - - 76.7 - - SeCtlon 3
76.6 - . 76.6 - - 766 -
E € E
E £ £
w 76.5 a ™ 76.5 = © 765 -
L Q Q
5 k5 k5
> > =
76.4 - . 76.4 - 76.4 -
76.3 - . 76.3 - - 763 -
a 76.2 - - 76.2 -
1 +[10.1 mm | el |
N
° COLD (4K)
— T | | — /-3 N/
Wl
AN //‘
a 759 ® = 759+ -
N>
75.8 . : ‘ 75.8 ‘ ' ‘ 75.8 . : '
39 = 4.1 42 43 39 4 4.1 42 43 39 5 4.1 42 43
Radial [mm] Radial [mm] Radial [mm]
26.08.2019

®

Multi-targets
Window (crossing)
Glass sphere

®

Multi-targets
Window (crossing)
Newport prism

ETALON (commercial)
Window (crossing)
Glass sphere with coating

Multi-targets
Window (crossing)
Glass sphere with coating

Multi-targets
Feedthrough
Glass sphere with coati
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Thermal contraction : From 293 K to 4 K

Cavities axis : Cooling down : 26-Apr-2018 23:56

l—dmmmed with FS| measurements : RELATIVE ( K) |

Vertical plane

|

n
o o - -
o @ = -
e

(=]
-

o
(=]

L=
-

Z (mm)- RELATIVE Vertical positiof

&
»

=}
-

Y (mm) - Longitudinal position
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1000

Cavity 1<) Cavity 2 (K)
250 250
200 200
150 150
100 100
80 80
U"‘.' TANK 1:T=4 K U"‘.' TANK 2 : T*°=4 K

| IN(mm) | OUT(mm) | IN(mm) | OUT(mm)

Simulation 1.097 0.678 1.097 0.678

SM18  1.321 0.843 1.295 0.832
SPS 1.310 0.834 1.320 0.835
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Calculation

Cryostat

s e

COLD mass
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Phase 4 : Results (Warm condition) Section 1 Section 2
A/B/C/D 1 /J/K/L

Section 1 Section 2 Section 3 .
72.8 75.2 77.2 Z (mm) Section 3
—727 —75.1 — 771
= £ £
E £ @ £
§7261 (@ = 75 w 77
L 5] 5]
: 5 : ©
> 725 > 749 = 76.9
724 74.8 76.8
03 04 05 06 07 21 22 23 24 25 39 4 41 42 43
Radial [mm] Radial [mm] Radial [mm]
72.8 75.2 77.2
—727 —75.1 — 771
= £ £
E —~ £ @ £
g 269 g s g 77 @) Etalon (convergent beam) + Window + Newport reflector
=725 = 749 = 76,9 N Multi-targets (divergent beam) + Window + Newport reflector
. cas e Multi-targets (divergent beam) + Window + Glass sphere High
03 04 05 06 07 21 22 23 24 25 39 4 41 42 43 Multi-targets (divergent beam) + Window + Glass sphere Low
Radial [mm] Radial [mm)] Radial [mm] ) ) )
Etalon (convergent beam)+ Window + Glass sphere with coating
708 752 775 Multi-targets (divergent beam)+ Window + Glass sphere with coating
797 751 174 Multi-targets (divergent beam)+ Feedthrought + Glass sphere with coa
=72 =75 =77
E E E
Warm3 S '°° ~ g @ g7 ®
5 5 5
> 725 ~ 749 - 76.9
724 748 76.8
03 04 05 06 07 21 22 23 24 25 3.9 4 41 42 43
Radial [mm] Radial [mm] Radial [mm]

26.08.2019 Vivien RUDE




Phase 4 : Results (Warm condition) Etalon (convergent beam) + Window + Newport reflector

Multi-targets (divergent beam) + Window + Newport reflector

Multi-targets (divergent beam) + Window + Glass sphere Low
Etalon (convergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Feedthrought + Glass sphere with coatin

Section 1 Section 2 Section 3
72.8 75.2 77.2
-E 72.7 E 751 WARM 2 E- 771
E V_V_ARM 2 E WARM E
— WARM 1~ — —
© 726 B = @ 75 o 77} WAR_M 1 - WARM 3
= o = WARM 3 E ( |
o WARM 3 o ) WARM 2, X
> 725 > 749 = 76.9
72.4 : : ' 74.8 : ' : 76.8 : : :
0.3 04 0.5 0.6 0.7 2.1 2.2 2.3 2.4 2.5 3.9 4 4.1 4.2 4.3
Radial [mm] Radial [mm] Radial [mm]
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Phase 4 : Results (Cold condition)

-~
—_
o]

Section 1

Vertical [mm]
o -
» ~

-
—_
w

-
—_

o

w

0.4 0.5 0.6
Radial [mm]

0.7

-
—_
(o]

-
—_
)

Vertical [mm]
-
[+2]

-
—_
w

-~
—_

o+

w

0.4 05 06
Radial [mm]

0.7

-
—_
2]

-
—_
u

Cold 3

Vertical [mm]
a
(=}

-l
—_
@

=

I
o
-

04 05 08

ial [mm]
| (m i
L-LHC PRDJE

0.7

Section 2

Vertical [mm]
| |
~ h h
iy - [N

=l
[
w

h
W

-~
(5]

.Nm

—_

22 2.3 24
Radial [mm]

25

Vertical [mm]
| |
~ b R
oy - i8]

-~
(5]
w

S

-~
o

!\Jm

—_

22 2.3 24
Radial [mm]

25

Vertical [mm]
~ =~
~ b -
iy - ra

-
[
w

=l

wr
.Mm
—_

2.2 2.3 2.4
Radial [mm]

25

Section 3

Vertical [mm]
o

®
75.9
75.8
3.9 4 41 42 43
Radial [mm]
76.2
—76.1
E .
E 76 Pl
>759| ®
75.8
39 4 4.1 42 43
Radial [mm)]
76.2
—76.1
E (@)
= 76
8
k5
~ 759
75.8
3.9 4 41 42 43
Radial [mm]

Section 1
A/B/C/D

Etalon (convergent beam) + Window + Newport reflector
Multi-targets (divergent beam) + Window + Newport reflector
Multi-targets (divergent beam) + Window + Glass sphere High
Multi-targets (divergent beam) + Window + Glass sphere Low
Etalon (convergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Feedthrought + Glass sphere with coa

Section 2
|1 /J/K/L
Z (mm)

Section 3
E/F/IG/H
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Phase 4 : Results (Cold condition) Etalon (convergent beam) + Window + Newport reflector

Multi-targets (divergent beam) + Window + Newport reflector

Multi-targets (divergent beam) + Window + Glass sphere Low
Etalon (convergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Window + Glass sphere with coating

Multi-targets (divergent beam)+ Feedthrought + Glass sphere with coatin

Section 1 Section 2 Section 3
71.8 — 74.2 76.2
\+/- 0.1 mm +/- 0.1 mm
= 71.7 . = 74.1 = 76.1 i -
w716 T 74 =
o O k!
= @ = = |
)] L)) L]
> 715 > 73.9 >
71.4 : : : 73.8 - : - . : : :
03 04 05 06 07 21 22 23 24 25 30 4 41 42 4.
Radial [mm] Radial [mm] Radial [mm]

26.08.2019 Vivien RUDE




