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Introduction 
 
For planning and construction purposes on the SLAC site, GPS/RTK measurements are now the 
preferred way to generate point coordinates. 
 
The result of GPS/RTK measurements is the generation of 3D coordinates. The datum behind 
these 3D coordinates depends on two factors that need to be in agreement: the datum used for the 
base station and the one used for the observed baseline components. The permanent base station 
for RTK measurements at SLAC has been established by the Alignment Engineering Group. This 
station was computed through the analysis of a regional network of seven International GPS Service 
(IGS) stations and a set of coordinates and velocities was published on the group’s web page: 
http://www-group.slac.stanford.edu/met/Align/GPS/GPS_Coordinates.html 
In a way, this effort allows the whole SLAC campus to be linked to the current NGS horizontal 
datum: the North American Datum of 1983 (NAD83).   
 
 
The California System 
 
A 1986 change to the Public Resources Code of the State of California created the California 
Coordinate System of 1983 (CCS83). It is based on NAD83 and divided into 6 zones. Each CCS83 
zone is a Lambert conformal conic secant projection, SLAC belongs to zone 3 also known as CA03 
or 0403. The defining constants for this zone are: 
 

South Standard Parallel = 37°04' N  
North Standard Parallel = 38°26' N 
Latitude of the Grid Origin = 36°30' N 
Central Meridian 120°30' W 
False Northing = 500,000.0000 m 
False Easting = 2,000,000.0000 m 

 
As for all State Plane Coordinate Systems (SPCS), units can be either meters or US Survey feet. By 
definition one U.S. Survey ft equals exactly 1200/3937 m. This note uses meters. 
 
 
SLAC System 
 
There are several coordinate systems at SLAC used for the different machines on site. For LCLS in 
particular, the recommended coordinate system for the undulator is described in the following 
technical note:  http://www-ssrl.slac.stanford.edu/lcls/technotes/lcls-tn-03-8.pdf 
At the time of the construction of SLC a coordinate system had been designed similarly. It is 
described in the SLC Design Handbook published in December 1984 (SLAC-R-714). This 
coordinate system was realized through the establishment of outside monuments still accessible and 
still observable today. Because of this, it is a convenient system to which one can refer any other 
local systems at SLAC. 
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As a side note, for most alignment in SLAC tunnels, it was customary to add offsets at the origin. 
The two values, Z = 90,000 m and X =70,000 m, were used at Station-100, the origin of the SLC 
system. This note uses “SLAC system”, “SLC system” or “SLAC/SLC system” interchangeably and 
does not include any offsets for the origin.  
 
 
Transformation 
 
To derive a transformation between two coordinate systems, one first must understand the nature 
and definition of each system and then find a set of points with coordinates in both systems. The 
two systems introduced above are actually quite different in nature. The SLAC system is a simple 
Cartesian system. The California system serves another purpose: it represents a portion of an Earth 
Model, the GRS80 ellipsoid used in NAD83. It is also called a geodetic system. So the 
transformation between these two systems should include a translation, a rotation and a scale. The 
sequence of events was illustrated in a two-part document called “LCLS Direction Layout” which 
was posted on the AEG web site at: 
http://www-group.slac.stanford.edu/met/Align/TechAnalysis/2004 
 
Three sets of monuments (see figure below) were used to specify this transformation: 

• SLC points 
• PK nails along the accelerator tied to the brass plates in the klystron gallery 
• 3D points installed in the research yard for the SPPS experiment 
 

The five parameters of the 2D transformation formula were derived using a select combination of 
the above common points: The formula to transform from SPCS-0403 to SLAC is: 
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With the following constants: 
 

ZM40 = 60.54993 m   XM40 = -2.41754 m 
EM40 = 1849150.024 m   NM40 = 603088.745 m 
α = 7.498092°   k = 1.000075 

  
This transformation was checked against all the points. The residuals are shown in the table below. 
It should be noted that the SLAC coordinates for these points did not come from one common 
adjustment. The SLC points have their original values as they were determined in 1986. The PK 
nails were determined for this specific study with an emphasis only on the direction of the linac.  
The scribing on the worn brass plates in the klystron gallery created a difficulty in asserting 
longitudinal positioning along the accelerator. The last set of points had been installed by the 
Alignment Engineering Group for the SPPS experiment in 2003. They are an extension of the 
network in the FFTB tunnel and are also tied to the End Station. This discrepancy of sources 
explains why the transformation parameters were determined by careful selection of points and 
justifies the statement that this is a “cm transformation” designed for mapping purposes only. 
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PK-Sector 1 N/A 0.000
PK-Sector 2 N/A 0.012
PK-Sector 3 N/A 0.011
PK-Sector 21 N/A 0.003
PK-Sector 28 N/A 0.004
PK-Sector 29 N/A -0.005
PK-Sector 30 N/A 0.000
AAA -0.038 0.058
M20 -0.006 -0.020
M32 -0.018 0.055
M33 0.000 -0.006
M36 0.030 -0.024
M40 0.000 0.000
M41 -0.020 0.020
SPPS010 -0.004 0.003
SPPS020 -0.002 0.003
SPPS040 0.001 0.018
SPPS060 0.004 -0.003
SPPS070 0.003 0.010
SPPS080 0.003 0.001
SPPS090 0.021 -0.008

Point Name DZ (m) DX (m)

Transformation Residuals in SLAC System

 
 

 

LCLS001 1849516.224 602996.343 411.587 -141.826
LCLS002 1849625.047 603131.022 537.064 -22.491
LCLS003 1849536.248 603256.275 465.363 113.289
LCLS004 1849687.695 603275.950 618.094 113.033
NGS23 1849924.079 603075.967 826.376 -116.104

LCLS Construction Monument Coordinates (ESD 1.9-107)

SLAC

Z (m) X (m)Point Name E (m) N (m)

SPCS-0403

 


