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National Synchrotron Light SourceAdvanced Photon Source

Stanford Synchrotron
Radiation Laboratory

BES Facilities for XBES Facilities for X--ray Scatteringray Scattering

The long-established metric for 
light source operation – i.e., the 
ratio of delivered to scheduled 
annual hours of operation of the 
accelerator complex – generally 
ranges from 0.95 to 1.00.  
However, this ratio gives little 
information about the overall 
well being of the facility.  Over 
the past year and a half, BES 
has developed alternate ways of 
measuring how effectively the 
light sources are utilized.

Advanced Light Source
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A New Methodology for Assessing Utilization of the Synchrotron RA New Methodology for Assessing Utilization of the Synchrotron Radiation Light Sourcesadiation Light Sources
(and, by extension, the other BES user facilities, too)(and, by extension, the other BES user facilities, too)

In FY 2006, the four BES light sources accounted for 44% of the BES facilities budget and 21% of the total BES budget excluding construction.  They are 
visited by nearly 8,000 users per year.  

Synchrotron radiation light sources command national-level attention, because they enable scientific investigations in areas closely aligned with national 
priorities including nanotechnology, energy security, defense technologies, and biomedical research.  The scientific progress and hence the relative 
international competitive position of U.S. research efforts depend to an extent upon the overall capability and efficient utilization of U.S. synchrotron 
radiation light source facilities.  

Effective utilization means maximizing science output.  In turn, this means that we must measure more than the operation of the accelerator complex.  We 
also must look to the “user experience” to determine the overall effectiveness of the facility.

NSLS

SSRL

ALS

APS

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

82 84 86 88 90 92 94 96 98 00 02 04
FISCAL YEAR

NU
MB

ER
S 

OF
 U

SE
RS



Assessments of the BES Light SourcesAssessments of the BES Light Sources
http://www.sc.doe.gov/bes/synchrotron_techniques/

As a start to developing additional assessment 
tools for the light sources, the light sources were 
asked to group all of the beamlines into technique-
oriented categories.  Twelve categories emerged, 
and descriptions of each with examples of the 
science enabled are posted on the web.

SPECTROSCOPY techniques are used to study the energies 
of particles that are emitted or absorbed by samples that 
are exposed to the light-source beam and are commonly used 
to determine the characteristics of chemical bonding and 
electron motion.

01  Low-Energy Spectroscopy
02  Soft X-Ray Spectroscopy
03  Hard X-Ray Spectroscopy
04  Optics/Calibration/Metrology

SCATTERING or diffraction techniques make use of the 
patterns of light produced when x-rays are deflected by the 
closely spaced lattice of atoms in solids and are commonly 
used to determine the structures of crystals and large 
molecules such as proteins.

05  Hard X-Ray Diffraction
06  Macromolecular Crystallography
07  Hard X-Ray Scattering
08  Soft X-Ray Scattering

IMAGING techniques use the light-source beam to obtain 
pictures with fine spatial resolution of the samples under 
study and are used in diverse research areas such as cell 
biology, lithography, infrared microscopy, radiology, and x-
ray tomography.

09  Hard X-Ray Imaging
10  Soft X-Ray Imaging
11  Infrared Imaging
12  Lithography
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Beamline Matrix Beamline Matrix –– Advanced Photon Source (44)Advanced Photon Source (44)

Note:  The check 
marks indicate 
beamlines that 
are “best in 
class.”

Then each light source 
mapped every one of its 
operating beamlines onto a 
matrix of the 12 techniques.

Together, there are 179 
operating beamlines at the 
four BES light sources.  There 
are another ~100 beamlines
that have never been 
instrumented or that have 
obsolete instrumentation. 

Note, though, that not all 100 
of these “open” spaces for 
beamlines could be developed 
into “best-in-class” beamlines.  
This is due primarily to space 
limitations on the light source 
experimental floors and to 
ultimate brightness of the 
beam from the beam port. For 
example, at the APS, only 20% 
of the uncommitted ports are 
high brightness insertion 
device lines.

Note:  Some “beam 
ports” – which are 
the primary 
openings for x-ray 
radiation from the 
electron storage 
ring – can support 
more than one 
“beamline.” See 
example for the 
Advanced Light 
Source on the next 
chart.
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The Difference Between Beam Ports and Beam LinesThe Difference Between Beam Ports and Beam Lines
Example from the Advanced Light SourceExample from the Advanced Light Source

A beam port

Two beam lines from 
the single beam port
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Beamline Matrix Beamline Matrix –– Advanced Light Source (35)Advanced Light Source (35)

A large number 
of beamlines at 
the ALS are 
rated “best in 
class.”
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Beamline Matrix Beamline Matrix –– National Synchrotron Light Source (77)National Synchrotron Light Source (77)

— continued —

Relatively few 
beamlines at the 
NSLS are rated 
“best in class.”



9

Beamline Matrix Beamline Matrix –– National Synchrotron Light Source (77)National Synchrotron Light Source (77)
— continued —
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Beamline Matrix Beamline Matrix –– Stanford Synchrotron Radiation Laboratory (23)Stanford Synchrotron Radiation Laboratory (23)

Here are some summary statistics for the 179 
operating beamlines.  
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Distribution of Beamline TechniquesDistribution of Beamline Techniques

Spectroscopy
Scattering
Imaging

APSALSNSLS SSRL

Here is a graphical display 
of the summary statistics 
for all 179 operating beam 
lines at the four DOE light 
sources.

Note that the APS ( a 
hard x-ray light source) 
emphasizes scattering 
while ALS (a soft x-ray 
light source) emphasizes 
spectroscopy and imaging.  
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Quality Distribution of 179 Operating Quality Distribution of 179 Operating BeamlinesBeamlines
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The light sources 
then rated each 
beamline according to 
a quality factor.  A 
“normalization” team 
consisting of one 
senior technical staff 
member from each 
light source visited 
the four light sources 
and spot checked the 
ratings to ensure 
uniformity.
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Beamline Quality Distribution by DOE Light Source FacilityBeamline Quality Distribution by DOE Light Source Facility
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FY 2004 Beamline Staffing versus Optimal StaffingFY 2004 Beamline Staffing versus Optimal Staffing
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Total FY 2004 Staffing (179 Beamlines):
403 FTEs

Additional Staffing:
295 FTEs

Finally, the light sources determined the staffing levels at each 
beamline and estimated the “optimum” number for each beamline.  
Staffing levels include the number of staff who directly support
users at a beamline and the fractional staff per beamline in other 
indirect support areas, e.g., mechanical, electrical, vacuum, IT, 
ES&H, user coordinators, and so forth.  The “normalization” team 
also ensured uniformity in these assessments.

Several studies (e.g., the OSTP report on neutron sources) have 
shown that optimal beamline staffing is key to optimal utilization of 
facilities such as those for x-ray and neutron scattering.
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Beamline Quality Data by Beamline TechniqueBeamline Quality Data by Beamline Technique
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User DemographicsUser Demographics
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International Benchmarking:  Synchrotrons WorldwideInternational Benchmarking:  Synchrotrons Worldwide

NSLS-II

The dots show all 1st, 2nd, and 3rd generation light sources worldwide that are operational, under construction, and in design. The dot diameter is 
proportional to the total number of beamlines at each facility. The number of users that a facility can host scales with the number of beamlines.  
Red, blue, and black dots show 3rd generation machines.   The numbers of beamlines for these machines are shown on the next chart.
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Major Light Sources WorldwideMajor Light Sources Worldwide
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Major Light Sources Worldwide (Major Light Sources Worldwide (concon’’tt))
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International Benchmarking:  3rd Generation Synchrotrons WorldwiInternational Benchmarking:  3rd Generation Synchrotrons Worldwidede

Considering only beam ports on the 3rd generation sources, this shows that by 2009 the U.S. will be outnumbered by the rest 
of the world by 7:1 (123 beam ports in the U.S. versus 806 beam ports in the rest of the world). 
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Light Sources Light Sources –– Findings and Conclusions from Assessment StudyFindings and Conclusions from Assessment Study

I. Light sources have proven to be indispensable for the study of materials structure and function.  The 
number of users has increased by more than a factor of 30 since 1982 and by a factor of 2.5 since 1996, 
the year of the commissioning of the APS.

II. The light source accelerator complexes have high availability, dependability, and reliability, delivering 
more than 95% of scheduled beamtime to the beamports.

III. The 2005 study of utilization has shown:
a. There is unused capacity – about 179 beamlines are in service, but another 100 beamlines are not in service.  
b. Beamline instrument technical quality varies considerably, but overall it is below par.  Only 15% of in-service beamlines

are at optimal quality; 47% need minor upgrades; 22% need moderate upgrade; and 16% need major upgrade.
c. Beamline staffing is less than 60% of optimal.

IV. Additional findings from the BES 2005 peer review of the light sources:
a. Accelerator staffing is thin at all of the light sources.
b. Accelerator and beamline components are starting to show the effects of age, even at the newer 3rd generation sources.
c. Maintenance and improvements (such as top-off mode) are critical to the future success.
d. Automation employed for macromolecular crystallography beamlines could help overall efficiency in other techniques.
e. Power cost increases could reduce significantly the number of operating hours at the light sources.

V. Additional findings from international benchmarking:
a. Considering only beam ports on the 3rd generation sources, by 2009 the U.S. will be outnumbered by the rest of the 

world by 7:1.  

VI. Conclusions:
a. The U.S. light sources are at a critical point and will fall far below optimum capabilities without increased funding.
b. Emphasis should be given to upgrading infrastructure and instruments and to providing beamline staff to the world-class 

facilities.
c. Investments should be made for minor upgrades such as top-off mode at the world-class facilities.


