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Survey and Alignment

TABLE 4.7-1
Component alignment tolerances.

Area Type Tolerance

Sources, Damping O↵set 150 µm (horizontal and vertical),
Rings and RTML over a distance of 100 m.

Roll 100 µrad
Main Linac O↵set 200 µm (horizontal and vertical),
(cryomodules) over a distance of 200 m.

Pitch 20 µrad
Roll

BDS O↵set 150 µm (horizontal and vertical),
over a distance of 150 m around the IR.

4.7.6 Information Systems
The theoretical positions of all the components to be aligned on the beam lines is managed in
a dedicated database. This database is also used for managing all the geodetic and alignment
measurements and the instrument calibrations. All measurement data are captured and
stored electronically and subsequently transferred to the database. Pre-processing of the
measurements are carried out in the database and then dedicated software for data analysis
is used to calculate the best fit position of the elements and components. These results are
also stored in the database where they can be accessed for further post-processing, analysis
and presentation. A geographic information system (GIS) is set up for managing all location
data.

ILC Reference Design Report III-235

RDR : Alignment Tolerances

2012年 5月 19日 土曜日



CONVENTIONAL FACILITIES AND SITING

FIGURE 4.2-6. Schematic of the Physics Detector Hall, showing BDS service cavern arrangement.

An additional service cavern for the BDS is located next to the Detector Hall (see
Fig. 4.2.3). It houses all the equipment needed for the running of the Detectors and ancillary
facilities, which need to the shielded from radiation or the magnetic field of the detectors. It
has two steel platforms as intermediate floors for equipment, and is connected to the Detector
Hall through a shielded passage for personnel and goods, and to the BDS service tunnel on
both sides. The service cavern is accessible from the surface via a 9 m diameter vertical shaft,
which supports all services, houses a safe staircase and lift for personnel and equipment, and
leaves space for lowering all components to be installed in the service cavern.

There are four full-powered Beam Dump facilities in the BDS System, two on each side.
For each one there is a cavern which houses the high-pressure water dump itself, and a service
cavern located ⇠30 m away to house all electrical, control and cooling equipment.

The inner diameter of the BDS beam tunnels are locally enlarged at four locations (two
per side) to house the large magnetized toroids (so-called Muon spoilers) for reducing the
muon background to the experimental hall.

4.2.4 Surface Buildings

A total of 96, 140 and 133 buildings are foreseen for the Americas, Asian and European sites,
respectively. The type, number and dimensions of the buildings include only those surface
facilities required for construction, installation and operation of the project, taking into
account the specifics of each of the three sample sites. For instance, additional infrastructure
such as seminar rooms, guest-houses, restaurants, administrative facilities etc. are assumed
to be supplied by a nearby (host) laboratory, and are not included in the cost estimate. The
Asian sample site does not have a nearby laboratory and that estimate does include such
central campus facilities.

Types of surface buildings considered included: surface equipment buildings, including
cooling towers and pump stations; shaft head buildings; storage areas; local workshops and
assembly areas, local technical o�ces etc. The majority of these buildings are concentrated at
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cavern(s) and other underground structures. The buildings and surface infrastructure are
also measured and the as-built coordinates are stored in a geographical information system
(GIS).

4.7.4 Fiducialization
Systematic geometrical measurements are performed on all beamline elements to be aligned
prior to their installation in the tunnels. The alignment of elements installed on common
girders or in cryomodules is first performed, and the fiducial targets used for the alignment
in the tunnels are then installed on the girders (cryomodules) and all individually positioned
elements. The positional relation between the external markers and the defining centerlines
of the elements are then measured. For this report, an estimated 10,000 magnetic elements
were assumed to need referencing. It is also assumed that most corrector magnets do not
need fiducialization. This number does not account for instrumentation, collimators, or other
special beam elements.

4.7.5 Installation and Alignment
The trajectories of all the beamlines are defined in the local 3D reference frame which covers
the entire site. The location of reference markers at the ends of each beam line element to
be aligned are defined in this reference system, together with the roll angle giving a full 6
degrees of freedom description of element location and orientation. Likewise the position of
all geodetic reference points is determined in this reference frame.

Prior to installation, the beamlines and the positions of the elements are marked out on
the floors of the tunnels. These marks are used for installing the services, and the element
supports. The supports of the elements are then aligned to their theoretical position to
ensure that the elements can be aligned whilst remaining within the adjustment range of the
supports.

After installation of services such as LCW and cable trays, the tunnels are scanned with
a laser scanner. The point clouds are then processed, and the results inserted into a CAD
model. A comparison with theoretical models is used by the integration team to help identify
any non-conformity and prevent interference with the subsequent installation of components.
The current requirements for the one sigma tolerances on the relative alignment of elements
or assemblies are given in Table 4.7.5.

The components are aligned in two steps:

• A first alignment is performed to allow connection of the vacuum pipes or interconnec-
tion of the various devices. This is done using the underground geodetic network as
reference.

• After all major installation activities are complete in each beamline section, a final
alignment, or so-called smoothing, is performed directly from component to component
in order to guarantee their relative positions over long distances.

To reach and maintain the positioning tolerances of the final doublets in the BDS IR, a
150 m straight reference line is set up as close as possible to the beam components. This line,
consisting of a laser or stretched wire and hydrostatic levels, is housed in a dedicated gallery
built parallel to the beam tunnel, and goes through the experimental cavern. This allows for
the geometrical connection between the beam lines and the detector.
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20 May, 2011      

Engineering Specifications (3) : QD0 Issues unit value

Mover : number of degrees of freedom 5 horizontal x, vertical y,  pitch φ, yaw ψ, roll α

Mover : Range per x,y degree of freedom mm ± 2

Mover : Range per φ, ψ degree of freedom mrad ± 1

Mover : Range per α degree of freedom mrad ± 30

Mover : Step size per degree of freedom of motion µm ± 0.05

Before BBA : Accuracy per x,y degree of freedom µm ± 50

Before BBA : Accuracy per φ, ψ degree of freedom µrad ± 20

Before BBA : Accuracy per α degree of freedom mrad ± 20

BBA : alignment accuracy per x,y nm ± 200 from a line determined by QF1s for 200ms

BBA : Accuracy per α degree of freedom µrad ± 0.1 from a line determined by QF1s for 200ms

Vibration stability : Δ(QD0(e+)-QD0(e-)) nm 50 within 1ms long bunch train

Engineering Specifications (4) : Radiation shield unit value

Self shielding must

Normal operation : anywhere beyond the 15m zone housing the

off-beamline detector
µSv/hour 0.5

Accidental beam loss : dose for occupational workers mSv/hour 250

Accidental beam loss : integrated doze for occupational workers mSv/accident 1

Accidental beam loss : beam shut-off time after the accident beam-train 1

Engineering Specifications (5) : Vacuum unit value

in the 200m upstream of the IP nTorr 1  =1.3 x 10-7 Pa
in the remainder of the BDS system nTorr 10  =1.3 x 10-6 Pa
in the 18m zone of the detector not specified in the IR document

The acident is defined as the simultaneous loss

of both e+ and e- beams at 250 GeV/beam

anywhere, at maximum beam power.
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30 September, 2011

Engineering Specifications (1) : Push Pull Issues unit proposed SiD ILD CMS

Time for Exchange experiments with rough alignment (mm) day 1
Time for Fine alignement, vacuum evacuation day 1
Time for Restart the machine and experiment day 1
Time for Beam calibration and alignment for the nominal luminosity day 1
Number of Pushpull operation /year 10 10
Number of Pushpull operation for 15 years times 150 100 150
Detector total weight tons 15,000 10,000 15,500
Detector beam level m 9 9 9 SiD  7.4(9)
Maximum acceleration on the detectors during the movement G 0.05
Total moving distance from IP to the garage position m 15 25
Residual magnetic field at IP from detector in the garage Gauss 50 50
Pulling forces with two lines ( multiple anchoring points?) tons/line 300
Number of anchoring points 4
Movement speed cm/min 10 6 to 30
Displacement due to the movement  : radius mm 20
Displacement due to the movement  : angle mrad 2.5

Adjustment of the movement : x,y ���mm �

Adjustment of the movement : angle mrad 0.1

Slow downward movement of the floor within ±50m around IP (for several

weeks?) with  feedback system
mm 5

Platform :  width m 20 14 21

Platform :  length m 20 14.8 16

Platform :  thickness m 2.2 2.2

Platform : wall clearance mm 10

Platform :  max. vibration transfer function for microseisms 1<f<100Hz 1.5

Platform : pulling force in  locomotion system  with rollers tons 750 500 750

Platform : pulling force in locomotion system  with airpads tons 300 300

Roller : a roller system must be supplemented by another system that allows a 3-axis movement on IP. A good candidate would be a

grease-pad system on top of the roller supporting platform.
Airpad : Standard airpad systems have the disadvantage of requiring a slight lift of the load of around 5 mm. However as the landing

is obtained by leaking air through orifices this landing is very smooth as it had been verified by installing accelerometers on CMS

elements.
hydraulic jacks :
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HLS sensor 

Hydraulic pipes 
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Appendix B 

 

Offset Reference Line 

Inner Triplet Line 

Wire Positioning System 

Stretched wire 

Invar rod system 

LHC 
Alignment

measuring the distance between ITL and ORL with sensors
126 m long

110 diameter tube

resolution < 1μm and range of ± 5mm

resolution < 1μm and range of 2.5mm//10mm

Uncertainty of 
measurement w.r.t the 
wire: ± 3 μm + 1 μm / 
month 

Uncertainty of 
measurement w.r.t the 
water surface: ± 3 μm 
+ 1 μm / month 
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 Alignment approach in MDI area  

Determination of the position of QD0 w.r.t other components of the BDS (1) 

Requirements: 

!  Position of the zero of QD0 w.r.t ideal straight line of the 500 last meters of BDS: ± 10 �m rms 
(including fiducialisation) 

!  Longitudinal relative position between QD0 and QF1: ± 20 �m rms  

!  Main difference concerns the MRN network (due to lack of space): 
o  No overlapping of stretched wires in the last 250 m 
o  No HLS system needed for modeling of the sag;  will be extrapolated on the last 250 m. 
o  Longitudinal monitoring of QD0 w.r.t QF1: capacitive sensors and CFRP bar 

Solutions: 

25 April 2012  MDI session at KILC12‐ Daegu, South Korea  8 

by H. Gerwig (CERN) .KILC12

CLIC

Wire Positioning System

Metrological Reference Network (MRN)

WPS  determines radial, vertical, yaw and pitch  position of QD0

QF1 / QD0

5 TECHNICAL DESCRIPTION OF THE ACCELERATOR

The re-adjustment concept, using linear actuators and cradles linking two adjacent girders as an
articulation point, was validated in CTF2 [8]. Due to changes in the size of components and to a consid-
erable increase of load, some question marks were raised concerning the clearances and the kinematics
of such a solution; consequently a new design has been proposed. This new solution will be validated on
a mock-up consisting of two girders and three cradles, which will be ready by the end of 2010. [Has this
been achieved?]

For the BDS, as no continuity between component supports is required, pre-alignment will be
performed with 5 DOF using the cam-mover solution mentioned above.

5.17.3 Metrologic Reference Network (MRN)
This network consists of parallel wires linked, in at least three points (more points are needed for re-
dundancy), by means of Wire Positioning Sensors (WPS) coupled on a common metrological plate (see
Fig. 5.17.3. The mechanical interfaces of these sensors will have been precisely and accurately deter-
mined from a Coordinate Measuring Machine (CMM) with sub-micrometric precision [228].

Fig. 5.260: MRN configuration

The main issues concerning the use of stretched wires as reference for alignment are firstly their
long-term stability with respect to perturbing effects like variations of temperature, humidity, creep, and
air currents, and secondly the modelling of its catenary. A Hydrostatic Levelling System (HLS) coupled
with a WPS system is a good solution to continuously model the vertical shape of the stretched wire. The
catenary of a stretched wire can be computed knowing at least three differences of height between WPS
sensors located along the wire, following the minimal configuration shown below [229].

200 m

Hydraulic network

WPS

HLSinclino

Fig. 5.261: Metrological plates of MRN network

The HLS system is based on the communicating vessel principle(see Fig. 5.17.3); the free surface
of water provides the reference frame. This water network is composed of vessels connected to each
other by pipes, partially filled with water, allowing water and air to circulate freely. A sensor is fitted
to each vessel in order to determine the distance to the free surface of liquid. Several measurement
technologies are possible: optical, capacitive, ultrasonic, but sub-micrometric resolution will only be
reached by using capacitive technology [230].

5.17.4 Support Pre-alignment Network (SPN)
Due to the SPN network, each support will be pre-aligned with respect to the MRN (see Fig. 5.17.4).
To do this, each sensor must provide precise and accurate measurements, e.g. the position of the zero

642
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  MDI  - Survey mini galleries  

Left side w.r.t right side 

9 

Requirements: 

!  Determination of left reference line w.r.t right reference line : within ± 0.1 mm rms 
!  Monitoring of left reference line w.r.t right reference line : within a few microns  
!  Monitoring of the position of left QD0 / right QD0 within ± 5 �m rms 

!  Determination of left reference  w.r.t right reference line & monitoring of one BDS w.r.t other: 

!  stretched wires/optical system on both side by a common reference (as in the LHC), using the survey 
galleries 

Solutions: 

25 April 2012  MDI session at KILC12‐ Daegu, South Korea  9 

40cm diameter

by H. Gerwig (CERN) .KILC12

CLIC
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   QD0’s  relative position 

Left side w.r.t right side 

13 

Monitoring of the position of left QD0 /right QD0: Concept 

!  4 Reference Rings (RR) located at each extremity of QD0, supported from outer tube 
!  6 radial spokes per RR 

RR 

RR 

RR 

RR 

sp
ok

e
 

         In two steps: 

!  A monitoring of the position of QD0 
w.r.t RR thanks to proximity sensors. 

 (initial calibration of their position 
performed on a CMM) 

!  A  transfer  of  the  position  of  RR 
thanks  to  6  spokes  to  alignment 
systems. By combination of redundant 
information,  the  position  of  the 
center of 4 RR is computed.

25 April 2012  MDI session at KILC12‐ Daegu, South Korea  13 

by H. Gerwig (CERN) .KILC12

CLIC

6 x6 mm2 radial spokes made of ZERODUR, housed in 60 mm 
channels(zero expansion glass ceramic)

11 CLIC INTERACTION REGION AND DETECTOR INTEGRATION

11.5 Forward Region
For proper accelerator operation and, in particular, for luminosity optimisation, the location of the final
focusing quadrupole QD0 of the CLIC accelerator needs to be close to the IP. This so-called L⇤ value has
been chosen to be 3.5 m for CLIC_SiD and 4.3 m for CLIC_ILD, implying a position inside the detector
volume. In addition, the very small vertical beam spot with an r.m.s of 1 nm requires a stabilisation of
the QD0 position with an r.m.s of 0.15 nm above 4 Hz.

Fig. 11.13: Isometric view of inner and outer support tube and the equipment installed in this region.

To meet these stringent stability requirements the following guiding principles for the layout have
been adopted [9]:

(a) A strategy of non-opening on the IP allows a compact detector and transfer tunnel design without
bulky shielding between the experiment and the tunnel;

(b) Implementing a moving ring-chicane shielding at the interface between the experiment and the ac-
celerator tunnel-wall (see Section 11.2.2);

(c) Supporting the QD0 from a pre-isolator in the tunnel;

(d) Choosing a hybrid QD0 technology with permanent magnets needing little or no cooling;

(e) Designing a two-in-one support tube for QD0 and forward calorimetry with fine-tuned eigenfrequen-
cies, allowing to support the coils independently of the yoke;

(f) Using an active stabilisation system underneath the QD0 in combination with a robust active pre-
alignment system crossing the detector.

This section describes the forward region of the detector and how the above requirements and
constraints have been implemented in the design. This region of the detectors is essentially the extension
of the accelerator into the detector area. The forward region, illustrated in Figure 11.13, includes several
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Rasnik system
( proximity sensors & 
spokes alignment )
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Rasnik (copyright) is a wide range, high precision alignment monitoring system, developed at 
NIKHEF.

The basic idea is to create an image of a coded mask on a CMOS sensor by means of a lens. The mask is lit 
by infrared LEDs. A diffuser is used to minimize effects of imperfections of the light source. In this set up 
the relative position in X and Y direction is measured along the line mask, optical center of the lens and the 
CMOS sensor. Also (relative) rotation of the mask or the sensor can be measured. By calculating the actual 
image spot size and comparing this with the mask spot size, the position of the lens along the Z-axis can be 
calculated. Also the relative rotation around the X, Y and Z-axis of the mask in respect to the CMOS sensor 
can be calculated. 
The standard video signal from the CMOS sensor is digitized by means of a frame grabber. 
The system has a measurement range of several cm's with an absolute accuracy of less than 1 micron.

http://www.nikhef.nl/pub/departments/et/experiments/atlas/rasnik/
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QD0 ‐ Relative alignment 

25 April 2012  MDI session at KILC12‐ 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                     Alignment is NOT influenced by: 

-  (common) deformation of RRs (sag, spoke load) 
-  temperature of individual RR 

-  temperature of individual spoke wheel 

by H. Gerwig (CERN) .KILC12

CLIC
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Page 29 April 2012, Daegu, Korea - A. Gaddi, Physics Dept. CERN 

CLIC Experimental Area Layout 

2D FE model stiffness 2x FE Stiffness  3x FE Stiffness  

1.6 mm 1.4 mm 1.2 mm 

Ground pressure Self weight

final deformation

2012年 5月 19日 土曜日



Conclusion 

!  Same strategy of pre-alignment in BDS and main linac (stretched wire, overlap) 

!  tighter requirements for position and adjustments in BDS  

!  Active pre-alignment with cam movers 

!  Special solutions required for final focus and stretched wire around QD0 

!  Relative position of QD0 monitored through detector by Rasnik/ Rasdiff (NIKHEF) 

!  Due to ground movements induced by push-pull CLIC prefers a solution with mini 
survey galleries 

!  Allows survey link of both BDS ends when detector is on IP 

25 April 2012  MDI session at KILC12‐ Daegu, South Korea  17 

by H. Gerwig (CERN) .KILC12

CLIC
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Americas Region 
Detector Hall

no connection between the main 
and service tunnels !
asked ARUP for calculation of 
deformation on the floor.
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Asian Region 
Detector Hall

no survey tunnels !
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 ILD: 14,700 tons 
 SiD: 8,600 tons 
 Detector is sit on a 

platform 
(concrete, t=3m) 

 Loaded on the platform 
as a uniformly-
distributed load 

ILD SiD 

ILD 

Before 
installation 

ILD off-line 
SiD on-line 

SiD 

Loading condition  LOS 

Loading condition  LSO 

ILD SiD 

Loading condition  OLS 

Loading condition  Nothing 

Both off-line 

ILD on-line 
SiD off-line 

Beam line 

Detector ILD or 
SiD 
Platform 
20m*20m*t3m 
Concrete slab 
t=3m 
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by G.Orukawa (Jpower), CFS-BTR, CERN, 22 March, 2012

Asian Region Detector Hall
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QD0 relative 
alignment ?

2012年 5月 19日 土曜日



April 24, 2012 KILC2012 Daegu  

Vorward Region Design, ILD 
QD0 relative 
alignment ?
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Evolution of QD0-QF1 region 

2012.04.24 SiD Fwd-KILC’12 T. Markiewicz/SLAC 

•Valve/Pump Out/RGA assemblies near QF1 end 
•QD0 Service Line to 2K chiller extended maximally to rear 
•Support tube behind QD0 extends to allow 2.8m door 
opening transitioning to a half-cylinder for access 

Door plates Door Ring QD0 Service Line 

Wedge Alignment System  
in Pockets in Door Ring 

Back end of QD0 

Back end of 
Support Tube 

Valve Assembly 
FB Kicker FB BPM 

G. Anzalone/SLAC 
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2012.04.24 SiD Fwd-KILC’12 T. Markiewicz/SLAC 

Summary of SiD Forward Status 
 
 

• The 2009 LOI conceptual design of the SiD 
Forward Region has been improved to an 
appropriate level for the DBD. 
 

• Much more work needed 
 
 

22 of 22 

SID Forward Region by Tom Markiewicz (SLAC)

Wedge Alignment System

BNL designing an external support tube 
and a compact mover system (ANSYS)
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Lgrid = Lref
��grid

��ref

2011.12.16 MDI SiD CM T. Markiewicz/SLAC Keith Riles, Hai-Jun Yang/U. Michigan

Gibson et al. First data from the ATLAS inner detector FSI alignment system 14

Benefits of FSI
• The FSI grid operates within the inaccessible, confined spaces and high 

radiation levels of ATLAS, where a conventional survey is not possible. 

• The Grid Line Interferometers are measured remotely via optical fibres.
• A full grid measurement is repeated every ten minutes so that rapid shape 

changes can be monitored.
• FSI is sensitive to low spatial frequency modes of tracker distortion, which are 

under constrained with track based alignment methods
• Track alignment precision is improved by combining many different stable 

alignment periods, with FSI correcting for the interim shape changes.

Grid Line Interferometer Design
Fused Silica
Beam splitter

Delivery 
fibre

Return
fibre

Quill
Retroreflector

Distance measured

FSI Alignment Monitoring  (SiD)
Frequency Scanning Interferometry (FSI)  
for distance measurements between grids 
with respect to a reference interferometer
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ILC :  QD0 Alignment

ILD : Monalisa (FSI)  at  LoI  
        FSI or a reference frame of spokes(Rasnik) ?                      
        QD0 is supported from the platform

SiD : FSI   
        QD0 is supported by the detector

Key issues: how to align both QD0s and BDS lines

QDO must be aligned with respect to QF1.
   - CLIC : capacitive sensors and CFRP bar
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Conclusion & Issues to be discussed

We need a reference line to connect the both BDS 
lines, since the floor level will be changed at the push-
pull operations.

A solution is a survey galley with 3 connections to 
each BDS tunnel as the RDR, also LHC and CLIC.

Relative alignment of QD0s is needed by Rasnik or FSI 
( Monalisa, LiCAS ) systems.

Alignment of QD0 with respect to QF1 is needed. 
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