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Abstract

In an effort to ensure that the stability goals of the
NSLS II will be met once the accelerator structure is set
on the selected BNL site a comprehensive evaluation of
the ground vibration observed at existing light source
facilities has been undertaken. The study has relied on
measurement data collected and reported by the operating
facilities as well as on new data collected in the course of
this study. The primary goal of this comprehensive effort
is to compare the green-field conditions that exist in the
various sites both in terms of amplitude as well as
frequency content and quantify the effect of the
interaction of these accelerator facilities with the green-
field vibration. The latter represents the ultimate goal of
this effort where the anticipated motion of the NSLS II
ring is estimated prior to its construction and compared
with the required stability criteria.

INTRODUCTION

Third generation light source facilities are characterized
by photon beam high brightness and small beam sizes.
With smaller emittances in the storage ring the impact of
the vibration environment that ultimately affects the
magnetic elements in the lattice and induces beam jitter is
more pronounced. Understanding the correlation between
storage ring floor vibration and eventual electron beam
oscillation is of primary importance towards achieving the
design beam parameters of a 3™ generation light source.
The spectral characteristics of the vibration arriving at the
storage ring floor level, in addition to its amplitude, and
its relation with the dynamic properties of the ring lattice
represent the most important element of this complex
relation between lattice movement and beam jitter.
Spectral characteristics are, in general, in a strong
correlation with the accelerator site while motion exhibits
spatial variability. To best describe the relationship
between the existing vibration field at the NSLS 1II site
and the accelerator while enabling the quantification of
the storage ring oscillation due to the interaction of the
future facility with the undisturbed site, field studies
associated with detailed vibration measurements and data
analysis have been conducted at a number of light source
facilities currently in operation. By utilizing a common
metric which is expressed in terms of the integrated rms
displacement within a frequency range where ground
motion tends to be uncorrelated, recorded data
characterizing both the sites and the achieved stability
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levels in other, same-class operating light sources have
been evaluated. While a wealth of data exist as a result of
numerous studies that have been performed at the sites of
these accelerator facilities, a new set of data, relevant to
these operating light source facilities, was generated in the
course of this study. In particular, measurements were
performed at the Advanced Photon Source (APS), the
Spring-8 LS, the Diamond LS and the NSLS using the
same measuring technique and data analysis employed for
the evaluation of the NSLS II site. The combined set of
recorded data from the various sites along with the
extensive set of measurements performed at the NSLS 11
green-field site was used as the basis of the NSLS II site
evaluation and its inherent ability to satisfy the stability
criteria set forth for the performance of the accelerator.
Based on the evaluation of the NSLS II site ground
motion frequency content and amplitude and on the
anticipated soil-structure interaction and green-field
vibration filtering as well as on experience data from the
other light source facilities, it has been assessed that the
NSLS 1I site will indeed satisfy the stringent stability
criteria set for its operation and performance. The paper
summarizes the results of this comprehensive study and
its findings and presents an overall assessment of stability
levels that can be achieved at the selected NSLS II site.

OPERATING EXPERIENCE

The ground motion at any site hosting vibration-
sensitive facilities such as 3" generation light sources is
the result of natural and cultural (man-made) activities
that arrive at the site through wave propagation. In a light
source facility the cultural component is greatly
influenced or even dominated by the operational activities
in the accelerator itself. The lower part of the ground
motion frequency spectrum (< 4 Hz) is linked with natural
sources and tends to be correlated in both space and time.
This same part of the spectrum is responsible for the large
ground displacement amplitudes. Cultural noise (> 4 Hz)
tends to be random and uncorrelated. It is this part of the
spectrum, however, that requires most attention.
Therefore, in making a comparative assessment of the
“quietness” of selected light source sites, it is this
particular frequency regime and the associated metric
(such as integrated rms displacement of the ground) that
should be used as the basis for comparison.

Figures 1 and 2 represent ground motion power spectra
collected at a number of sites around the world. In the
records shown it is clear that low frequency (or large
wavelength) band is quite similar for all sites since they
all are affected by the same natural sources. What is
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dramatically different is the cultural noise band which
clearly, as anticipated, diminishes with depth. Similarly,
the rms displacement calculated from the recorded data is
higher on the surface over the cultural noise band (traffic,
facility operations, etc.). As important as the amplitude of
ground vibration at a site is the coherence or cross
correlation of the motion. For light sources (and linear
colliders) this is essential since the temporal and spatial
movement of the entire electron beam lattice needs to be
known and feed-back corrected. The more uncorrelated
the motion on the lattice supports the more difficult the
task is in minimizing the beam jitter. Figure 3 reflects
coherence measurements at selected sites and for varying
distances. More relevant to a light facility are the
coherence data depicted in Figure 4a and representing the
motion on the experimental floor of Diamond 3™
generation light source. These experimental floor
coherence data have been recorded in support of this
comparative study. Also shown in Figure 4b is the
filtering effect on the site ground motion introduced by
the structure. Clearly the placement of the ring building
on the green-field site results in the filtering of site ground
motion characterized by wave lengths smaller than the
characteristic wavelength of the ring structure (Rayleigh
wave velocity at the site divided by the ring diameter).
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Figure 1: Recorded PSD at selected accelerator sites [1]

-

Figure 2: Recorded power spectra and RMS
displacements at selected sites depicting depth effects [2]

Figure 3: Coherence of motion at selected sites [2]

To further address the filtering effect of the structure and
enable the establishment of a relation that links the site
ground motion with the motion that matters most in the
context of light source facilities which is the ring and the
experimental floor motion, measurements were conducted
at the APS and Spring-8 facilities.
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Figure 4: (a) Coherence of motion on the experimental
floor of the Diamond LS measured in this study and (b)
recorded ground and experimental floor motion PSD
depicting the structure-induced filtering effect [4]

Figure 5 depicts power spectra and integrated rms
displacements in the free-field and on the APS
experimental floor. What the recorded PSD data indicate
is that while the structure filters the natural motion,
facility-generated cultural noise dominates the range
above ~10 Hz where equipment operate. The rms
displacement on the other hand is “filtered” because of the
disproportionate reduction of the displacement in the
regime below 10 Hz. Quite different picture is seen in the
relationship between the free-field and the experimental
floor of Spring-8, Figure 6. The measured data confirmed
the extreme “quietness” of the site even on the surface.
The uniformity of the substrate and the type of rock that
exists ensures the low amplitude vibration. However, no
further filtering of the free-field motion due to the ring
structure is observed because minimal impedance
difference exists between the supporting rock and the ring
material. As seen in Figure 6 the facility cultural vibration
dominates the motion on the experimental floor.

Figure 6: PSD and rms displacements at SPring-8

This finding demonstrates that in establishing the actual
criteria for the operation of a sensitive facility one must
consider not only the green-field conditions and how
favorable they are but also the role of the substrate in
determining the vibration within the accelerator facility
that will result from the interaction with both the natural
environment and the self-induced cultural vibration.

NSLS II SITE AND STABILITY GOALS

Electron beam stability of the order of 0.3 microns in
the vertical direction is desired in the NSLS II. It is also
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desired, if achievable, to have a stable electron beam in
the order of 0.1 micron in the vertical direction. To ensure
that the baseline criterion of 0.3 microns the ring floor
integrated rms displacement must remain below 25 nm for
the frequency band above 4 Hz where, as indicated earlier,
the motion is random and uncorrelated and therefore
difficult to correct. The 25 nm requirement stems from the
fact that motion will amplify as it travels from the ring
floor to the e-beam position or the magnetic element.
Figure 7 depicts actual measurements of the amplification
process in the BNL NSLS facility.

Figure 7: Amplification of ring floor vibration at NSLS

To ensure that the criteria of 25nm rms ring floor
displacement for frequencies above 4 Hz is achieved, the
combination of the natural environment at the chosen
NSLS 1II site and of the cultural vibration that is
anticipated following the start of operation must be
carefully considered by relying on the observations made
in the other facilities. The NSLS II site is characterized by
well settled, uniform layer of sand of (~1000 ft to
bedrock) and with Rayleigh wave velocity of ~800 ft/s.
An acoustic interface exists at 30 ft below the surface as a
result of the site water table. It is assessed that the distinct
top layer introduces a wave-guide effect for f> 8 Hz.

Figure 8: Frequency content and coherence of NSLS II
site ground motion

Extensive measurements at the NSLS II site have revealed
the character of the free-field vibration its amplitude. Seen
in Fig. 8 are the spectra of the vertical and horizontal
ground motion, compared with spectra from Spring-8, as
well as coherence measurements. The latter indicate that
the motion at the NSLS II is more coherent than it is at
some of the sites reported in this paper. Fig. 9 depicts the
power spectra at NSLS II in terms of spatial variability
and night vs. day variation. Figure 10 shows two types of
criteria satisfied simultaneously by the NSLS II site. Fig.
10a depicts the rms displacement of the free-field and it
demonstrates that the established criteria of 25nm are met
in the free field. Fig. 10b depicts velocity-based criteria
(one-third octave band) used by nanotechnology centers
and other vibration-sensitive facilities. Fig. 11 shows the
computational process adopted in this study to assess the
anticipated vibration in the NSLS II ring once it placed on
the green-field site. Using a large-scale model to capture
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wave propagation and interaction with the ring and
relations that link the power spectra through the extracted
transfer functions the filtering effect is estimated. It is
interesting to note the resemblance with the actual
measurements at the APS and Diamond IS.
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Figure 11: PSD at the NSLS II site depicting spatial

SUMMARY

Based on experience data from a number of accelerator
sites and an extensive array of newly collected data at the
NSLS II site and other light sources it is assessed that the
NSLS II site can satisfy the stringent stability criteria
adopted. The detailed evaluation of the referenced sites it
is assessed that it is not only the amplitude of the rms
displacement that controls what vibration the ring will
experience but also the content of cultural noise coupled
with the type of the supporting soil. An additional but
crucial parameter for the accelerator performance is the
coherence of the motion at the site.
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