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= Introduction:
= Possible sources of uncertainty
= Cases reviewed
= A short reminder on the configuration of sensors

= Uncertainty of measurement concerning:

= Internal monitoring

= The position of cryostats along one side of the tunnel

= The position of cryostats along one side of the tunnel w.r.t. the other side
= Sensors configuration:

= Review of weak points and key points
= Two proposals of improvement
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Some possible sources of uncertainty concerning the position of
HL-LHC reference axis in the tunnel:

Cold mass construction

Beam screen vs cold bore axis

Cold mass position in the cryostat

Determination of the position of the cryostat in the tunnel (using alignment sensors)
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Review of 3 cases concerning the uncertainty of measurement:

= Internal monitoring of Q1, Q2a, Q2b, Q3, CC1, CC2
= Position of the components cryostat along one side of the tunnel

= Position of the components cryostat along one side of the tunnel w.r.t the
other side
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Configuration of alignment systems

= 3 wires
= 1 (or several) water network
= 6 measurements wire-wire

Measurement
Wire-wire
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Configuration of
alignment sensors

Water Network

HLS— T —
— m ometer

S

Long range
FSI

o

wire

Sensors Largest standard uncertainties Value Combined standard
uncertainty

Calibration of WPS 5 pum
WPS Shape of wire 10 pm 20 Hm
Position of WPS in the framework of the vacuum vessel 15 um
Calibration of HLS 5um
HLS Shape of water 30 um 40 m
Position of HLS in the framework of the vacuum vessel 15 pm ¢ q,
o Calibration of Longitudinal FSI 5 um Er.l
LongFltéJldlnal Position of Longitudinal FSI in the tunnel framework 300 pm 300 m & .
Position of the target in the framework of the vacuum vessel 15 pm LO n g Itu d In al
Calibration of inclinometer 15 prad FS'
Inclinometer ” o , 100 ul‘ad
Position of the inclinometer in the framework of the vacuum vessel 100 prad
Calibration of the Long range FSI 35 pm
Long :[Tr?‘e FSI position of the FSI in the framework of the UPS plate 15 pm 40 m
Position of the target in the framework of the vacuum vessel 15 pm
Calibration of Short range FSI 10 pm
Internal FSI Position of the target in the framework of the cold mass 15 pym 20|J.m
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Configuration of alignment sensors

Long range
FSI

Longitudinal Inclinometer Long range Internal
FSI FSI FSI
1 YES

Q1, Q2a, Q3
Q2b

Q4, Q5

CP, D1, D2, TAXN

1 YES
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Longitudinal
1 FSI

1 YES

3
S
3
3

Collimators

NN N NDNN
N N

Crab-Cavities
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Case 1: Uncertainty of measurement concerning internal monitoring

Crab-cavity Triplet

Z (mm)

Z (mm)
Y (mm) @m
X (mm) X (mm)

Tx (radial) +/- 25 ym Tx (radial) +/- 50 ym
Ty (longitudinal) +/- 45 ym Ty (longitudinal) +/- 55 um
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 prad

_ . Scale +/- 60 ppm Scale +/- 10 ppm
iLuM ’
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Case 2: Uncertainty of alignment concerning Sl T el
components cryostats alonqg one side
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Case 3: Uncertainty of alignment concerning components cryostats along one
side w.r.t. the other side
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Case 3: Uncertainty of alignment concerning components cryostats along one
side w.r.t. the other side

&

0.4 Q5 Z§’,| & QO I I

03— MEE‘MQ4 OF %\S -7 -
. . H__H“‘hg-_ OO - -"f'-—..___‘,—
£ o2 At D1 Triplets 1 -
=, TT~e CP Low-Beta T
> 04 - — _
] ~L - -3 —
. I B e e S R e
: P e e =
= 01 #_,,.-—"" ““-.______ —
S -7 =~

02 - <~ —
m - - ‘.‘“-..

03 #a’Jﬂﬂ ‘H‘HHMH —

o ] | ! | | l | |

=250 200 150 -100 =50 0 50 100 150 200 250

Distance from IP [m]
o4 l | 1 | I
&

'g 0.3 < Qf)o [’59'\ —
£ 021 B u s § D1CP Triplets -
> o1l F & Low-Beta h
m I I T~ i I . _ _ _ _ o e _ _ e e = N - ._,.‘- e o
3 [ 0 1"1-1°1°1 1111 T[T |
S Lo__--.1 N L S RN (N N DN DU UNNDUUE DN SN N N D IS | . |
T 01 —
o
E-CI.Q— —

0.3 —

| | | | | | | |
) H - -200 -150 -100 -50 ] 50 100 150 200 250
HL—I!HC LpJnIu IE-::TI Distance from IP [m]

=

Vivien RUDE




Weak points : Radial direction -- > Tx / Rz (yaw) Long | Interna

range FSI
Q1, Q2a, Q3
No redundancy X (mm) 02b
Q4, Q5
Y (mm) CP, D1, D2, TAXN
Z (mm) Collimators

Crab-Cavities

wire

2 WPS
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Weak points : Longitudinal direction > Ty aments | e

Q1, Q2a, Q3
No redundancy Z (mm) Q2b

X (mm) Q4, Q5
Y (mm) CP, D1, D2, TAXN

Collimators

Crab-Cavities

1 Longitudinal FSI
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Weak points : Vertical direction = Tz, Rx (pitch) --

Q1, Q2a, Q3 2
No redundancy Q2b 5 3 1 1 VES
Q4, Q5 2 3 1
2 WPS CP, D1, D2, TAXN 2 3 1
ollimators
Crab-Cavities 2 1 1 YES
wire
Z (mm)
X (mm
Y (mm) (mm)
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Weak points : Vertical direction > Ry (ot [ EIESI BN N

Q1, Q2a, Q3
No redundancy Z (mm) Q2b

1 YES

CP, D1, D2, TAXN

Collimators

2
2
Y (mm) Q4, Q5 2
2
2
2

N

X (m m) Crab-Cavities
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Key point : Borehole
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Internal

Proposal 1 : 2 wires for the triplet ' N rangets | e

Redundancy in 5 DOF

Q4, Q5

2
! CP, D1, D2, TAXN 2
Collimators 2 1
k Sy Crab-Cavities 2 1 YES
2 wires
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Proposal 2 : Double Long range FSI for the borehole
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