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• Beam points

• Sockets

• Jacks

R : Roll angle (transversal inclination)

V : Vertical

H : Perpendicular / tranversal to the beam direction

Survey Terminology

11.05.2022 JF. FUCHS (BE-GM-ASG) 3

T S

Roll angle

T

E

S



• Survey Terminology

• LS2 (LSSs / ARCs)

• MBX in LSS2 & LSS8

• YETS_21-22

• LSS8 (Q4/Q4)

• LSS2 (Q4/Q4)

• Magnets with Banana !

AGENDA

11.05.2022 JF. FUCHS (BE-GM-ASG) 4



LSS2 and LSS8 have been smoothed at warm

• LSS2 : MBX.4L2 & MBX.4R2 (D1)

• LSS8 : MBX.4L8 & MBX.4R82 (D1)

S12 & S23 and S78 & S81 have been smoothed at cold (< 80 °K)

• S12 : LSS1 + Arc12 + LSS2 (MBX.4L2)

• S23 : LSS2 (MBX.4R2) + Arc23 + LSS3

• S78 : LSS7 + Arc78 + LSS8 (MBX.4L8)

• S81 : LSS8 (MBX.4R8) + Arc81 + LSS1

LS2 : LSSs & Arcs
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Vertical Measurement done in LSS / Arcs

• V : Vertical

• Measurement by direct levelling from GITL to GITL (vertical survey reference) ~ 3.5 km

Next slides ….

• Vertical offsets w.r.t. theoretical value

• Sockets

LS2 : LSSs & Arcs
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LSS2 at warm

• July 2019

LS2
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S12 at cold

• February 2021

• GITL (4L2)

LS2
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S23 at cold

• March 2021

• GITL (4L2)

LS2
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MBX.4L2

• Measured 1 time at warm and 2 times at cold : 

• ENTREE : no displacement

• SORTIE (= DFBX side) : vertical displacement to the top : ~ 0.5 mm

MBX.4R2

• Measured 1 time at warm and 1 time at cold : 

• ENTREE : vertical displacement to the top : ~ 0.2 mm

• SORTIE (= DFBX side) : vertical displacement to the top : ~ 0.8 mm

LS2 – LSS2
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LSS8 at warm

• May 2019

LS2

11.05.2022 JF. FUCHS (BE-GM-ASG) 12



S78 at cold

• December 2020

• GITL (1L8)

LS2
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S81 at cold

• March 2021

• GITL (1L8)

LS2
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MBX.4L8

• Measured 1 time at warm and 2 times at cold : 

• ENTRÉE & SORTIE : no displacement

• Banana shapes to the top on the M socket (middle point) : 

• ~ 0.5 mm 

• same situation during LS1

MBX.4R8

• Measured 1 time at warm and 1 time at cold : 

• ENTRÉE & SORTIE : no displacement

LS2 – LSS8
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• LSS8 : no displacement warm / cold but a banana shape ….

• LSS2 : displacements warm /cold …. Why ?

• Mechanical configuration ? 

• Installation ? Fixed point ? 

• ….

Conguration …. 
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Discussion in March 2021 with Jorg …..

→ Wait feedback after test Beam

→ Action during YETS_21-22 (?)

Discussion with OP about the MBX …..
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Vertical absolut measurement for the experiment (GITL / Lowbeta)

->> New vertical measurement in LSS2 / LSS8 on a short distance from Q4/Q4

• GITL (vertical survey reference) 

• LOWBETA 

• MBX & Q4

• GM sensors on lowbeta

YETS_21-22
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LSS8 : IP & Lowbeta : -1.5 mm

YETS_21-22 : LSS8
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LSS8 vertical offsets : 

• MQY.B4L8.E

• Vertical displacement done

• MBX.4R8

• Vertical displacement done

YETS_21-22 : LSS8
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LSS8 : IP & Lowbeta : +2.5 mm

YETS_21-22 : LSS2
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LSS2 vertical displacement

• MBX.4L2

• Vertical displacement done

• MBX.4R2

• > 1 mm !

YETS_21-22 : LSS2
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Alignment Procedure at Cold (20K) for the LHC.MBX.4R2

• The successful process of alignment followed for the LEBL.11L4 in 
February 2021 will be applied for the MBX.4R2, with some simplifications :

• Risk analysis

• Operators from TE-CRG and TE-VSC followed the pressure and temperatures

• The load applied on jacks has been continuously monitored (hydraulic pumps 
systems)

• Mechanical and aperture thresholds have been defined

• Step by step vertical process

YETS_21-22 : MBX.4R2
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• 3D+1 setup : AT40xx + NA2

• We applied the relative displacements on the 

08.02.2022

• New V measurement after alignment 

• Data computation (office) : The MBX.4R2 is not at the 

good absolute position (!) 

• New alignment on the 09.02.2022

MBX.4R2
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The issue was due to a vertical « displacement » ~ - 0.5 mm between the initial measurement on the 16.12.2021 at warm 
and the alignment on the 08 & 09 of February 2022 at cold

To be investigate (?)

MBX.4R2
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MBX.4R2

11.05.2022 JF. FUCHS (BE-GM-ASG) 27



• As a reminder, on the lowbeta magnets between the warm / cold states we observe :

• Some vertical movements of the order of a few tenths 

• 2 to 4 mm in length on the lowbeta between the hot and cold states…. 

Concerning the MBX 

• Why MBX in LSS8 are stable” compared to LSS2 ?

• It would be interesting to know if the D1 move in longitudinal direction ….  and investigate the reason of the 
vertical movement. 

• Internal condition of the MBX / DFBX : Temperature / pressure? 

• DFBX constraints ?

MBX.4R2
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As MBX.4L8 some other magnets have a banana shapes on M socket

• M socket is measured in vertical direction (only)

Is it an aperture issue ? What is the feedback from ABP ? OP ? 

Banana …..
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#M Socket Name Displacement [mm]

LHC.MQTLH.A6L3.M -0.21

LHC.MBX.4L2.M -0.25

LHC.LEBR.11L6.M -0.25

LHC.MB.B21R6.M -0.26

LHC.MBRC.4L8.M -0.27

LHC.LEGR.11R5.M -0.29

LHC.LEIR.11L7.M -0.30

LHC.MQY.B4L2.M -0.31

LHC.MBRC.4L2.M -0.32

LHC.MBRC.4L1.M -0.34

LHC.MBX.4L8.M -0.44



Questions / discussions …..
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