
November 1999 NSLS Newsletter

Editor: Mary Anne Corwin
Production Assistant: Nancye Wright

TABLE OF CONTENTS
Demonstration of High Gain Harmonic Generation in an FEL●   

Ribosome Redux at NSLS Crystallography Stations●   

Formal Close Out of Experimental Runs●   

Administrative Update●   

In Memoriam-Denny Klein●   

Changes in Radiation Protection Procedures●   

Radiation Badges Cost Money!●   

Extending the Scope of X-Ray Crystallography●   

User Administration●   

Focus On...Computer Security●   

A Users' Prespective●   

Facility Report●   

X-Ray Ring Update●   

VUV Status Update●   

Detailed and Long Range Operating Schedules●   

NEWS and ANNOUNCEMENTS
Proprietary Research at the NSLS●   

Call for General User Proposals●   

Identification and Tagging of Equipment●   

NSLS Annual Users' Meeting and Workshops●   

Weekly Users' Meetings●   

Stop-Work Procedures at BNL●   

novtoc.html

http://nslsweb.nsls.bnl.gov/nsls/pubs/newsletters/Nov99/novtoc.htm (1 of 2) [3/30/2001 9:37:08 AM]

http://www.nsls.bnl.gov/BeamLine/BeamLMenu.html


Important Upcoming Dates

NSLS Newsletters Page..........NSLS Home Page............BNL Home Page

The NSLS User Administrator maintains this document. DISCLAIMERS.  Revised Date: October 28, 1999

novtoc.html

http://nslsweb.nsls.bnl.gov/nsls/pubs/newsletters/Nov99/novtoc.htm (2 of 2) [3/30/2001 9:37:08 AM]

http://www.nsls.bnl.gov/Pubs/NewsLtrs.html
http://www.nsls.bnl.gov/
http://www.bnl.gov/
http://www.bnl.gov/BNL/disclaimer/disclaimer.html


November 1999 NSLS Newsletter

Demonstration of High Gain Harmonic Generation in a FEL
Michael Hart
NSLS Chairman

Users of the Accelerator Test Facility (ATF) at Brookhaven National Laboratory achieved an important milestone this
summer in the research necessary to develop the next generation light source. A collaboration of scientists from
BNL and ANL led by Li-Hua Yu from the NSLS reported the successful demonstration of High Gain Harmonic
Generation (HGHG) in a Free Electron Laser (FEL) at the FEL-99 conference in Hamburg Germany in August. This
important result shows dramatically the potential benefits of a laser seeded FEL as contrasted with the self amplified
spontaneous emission (SASE) approach pursued at other laboratories.

In a sub-harmonically seeded HGHG FEL, a seed laser beam is coupled with an electron beam in a short undulator.
The interaction between the laser and the electron beam generates an energy modulation in the electron beam
which is converted to a spatial modulation (microbunched electron beam) in a dispersive magnet. The
microbunched beam then passes through a radiator undulator, where the microbunched beam radiates coherently
at one of the harmonics of the seed laser signal. The signal is then amplified exponentially. In the experiment just
performed at the ATF, the facilities CO2 laser provided the seed at 10.6 mm and amplification (to saturation) was
achieved at 5.3 mm.

When it can be applied, the HGHG approach brings several advantages to the experiment. In user experiments,
perhaps the most important feature is that the FEL output properties are tied to the characteristics of a high-quality
longer wavelength laser source. This includes the stability and control of the central wavelength, the bandwidth, the
pulse energy and the pulse duration. In SASE schemes, these parameters are controlled by the stability of the
accelerator and by the statistical fluctuations associated with the noise that is the starting signal for the SASE
process. An additional advantage of HGHG is that the length of undulator needed to achieve saturated output from
the FEL is reduced when a laser generated seed provides the initial signal. For example, the data shown in Figure 1
are the saturated HGHG output spectrum (from the 2 meter radiator) and the SASE signal spectrum (from the same
undulator) multiplied by a factor of one million to be on scale! To achieve the same power level from a SASE
experiment with these properties, the radiator would need to be 6 meters long.
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Figure 1: Power vs. wavelength for SASE and HGHG from the current experiment.

Further work is planned at the ATF on the current experiment, and the technique will be extended to shorter
wavelengths when it is implemented at the DUV-FEL. The challenge will be to see if the technique can be extended
still further, into the hard x-ray range, for a practical fourth generation x-ray source. Investigation of this question will
be the cornerstone of our continued efforts to develop FEL science and technology.

The HGHG Experiment
The existing ATF photocathode rf gun, linac, and CO2 laser, define the electron and seed beam design parameters
shown in the schematic of the HGHG experiment (Figure 2). The value of the beam energy was specifically tailored
to achieve the FEL resonance condition with the hardware described. Details of the collaboration are given in the
box opposite. Based on the design parameters, the output power predicted by theory and simulation is 35 MW for
the 2 m radiator.

Figure 2: Schematic of the HGHG Experiment.

As a prelude to performing the full HGHG test, beam was passed through the radiator section and SASE radiation
was measured at 5.3µm. It was found to be about 10 times larger than the spontaneous radiation. Proceeding
toward HGHG, the CO2 laser was operated at high power to synchronize and align it to the electron beam in the
energy modulation undulator. The energy spread of the electron beam was measured with a spectrometer,
confirming the coupling of the laser to the electron beam. In fact, while this measurement confirms alignment and
coupling, the energy modulation it produces is so large that the electron beam does not microbunch properly for FEL
operation. To obtain optimum HGHG output, the power from the CO2 laser was actually reduced to about 0.5 MW.
To compare the SASE and HGHG power, an InSb detector was used, although to measure the HGHG power

demon.html

http://nslsweb.nsls.bnl.gov/nsls/pubs/newsletters/Nov99/demon.htm (2 of 4) [3/30/2001 9:37:12 AM]



attenuation of 106 was inserted to keep the detector from saturating. Even with this attenuation, the HGHG signal is
two to three times that of the unattenuated SASE beam. In a separate measurement, a maximum HGHG pulse
energy of 65µJ was directly measured using a Joule meter. At the same time, the electron pulse length was
determined to ~6 ps FWHM. If the radiation pulse is also 6 ps (actually, it is more likely to be shorter), then the
output would be 11 MW compared with the spontaneous radiation power of 0.5 W. These two independent
measurements agree with theory that the HGHG output is 2x107 times larger than the spontaneous power for this
experiment. The HGHG beam was also imaged with a Pyroviewer camera (shown below).

Pyroviewer image of radiation

The camera was fitted with a series of filters to block the CO2 light and select a 2% bandpass centered around
5.3µm. Images obtained with either the laser or electron beam off show only background, confirming that both are
required to obtain an image at 5.3µm. Removing the bandpass filter made essentially no difference in the image,
demonstrating that the observed radiation is centered about 5.3µm. The measurement of the spectra for the SASE
and HGHG FEL output is shown in Figure 1. Note that the SASE bandwidth is six times larger than the HGHG
bandwidth of ~20 nm. If the radiation is assumed to be Fourier transform limited, the observed bandwidth would
translate to a pulse length of about 1.5 ps. Measuring the pulse length is an important aspect of continuing work on
the experiment. If the 1.5 ps duration proves to be correct, the peak power would be 44 MW. This result would then
be closer to the theoretical and simulated predictions of 35 MW. It is important to note that even at this preliminary
stage, many of the theoretical predictions for the HGHG process have been confirmed. Harmonic generation has
been demonstrated, and the HGHG power was measured to be 2x107 larger than the spontaneous emission. As a
proof of principle experiment for the DUV-FEL project, and future seeded X-ray FEL schemes, the HGHG
experiment provides an opportunity for further detailed comparison with theory, and may pave the way for future
x-ray FEL developments.
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The Collaboration
Resources for the development of FEL's have been extremely limited so many collaborative teams have formed
to push the field forward. The present HGHG experiment is a BNL experiment in collaboration with ANL.

The key principle is based on theoretical work of BNL scientists nearly a decade ago [L. H. Yu, Phys. Rev. A,
44, 5178 (1991)]. To implement the experiment, the bright electron beam of the BNL-ATF and its CO2 laser
were combined with some venerable hardware and ingenuity to arrive at the present result.

The ATF provides an ideal electron beam for single-pass free electron laser development and was the natural
platform to support the HGHG experiment. To assemble the required magnetic structures, the BNL-NSLS
`mini'-undulator (the X1 prototype) was called out of retirement as was the `Cornell Undulator' (the ANL-APS
`Undulator A' prototype). These devices were rebuilt, remeasured and shimmed by their owners and combined
with a new dispersive magnet built by NSLS for this experiment. New diagnostics were developed and
correctors were borrowed from the DUV-FEL NISUS magnet for the radiator (the `Cornell Undulator') to
complete its adaptation for use in the HGHG FEL.

The HGHG experimental team members from Argonne include: Sandra Biedron, John Galayda, Efim Gluskin,
Jack Jagger, Vadim Sajaev, Issac Vasserman. At BNL, beside team leader Li-Hua Yu, the following individuals
participated in the experiment: Marcus Babzien, Ilan Ben-Zvi, Lou DiMauro, Adnan Doyuran, Bill Graves, Erik
Johnson, Sam Krinsky, Bob Malone, Igor Pogorelsky, John Skaritka, George Rakowsky, Lorraine Solomon,
Xijie Wang, Marty Woodle, and Vitaly Yakimenko.
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Ribosome Redux at NSLS Crystallography Stations
Malcolm Capel

BNL Biology

Crystallographers from the Medical Research Council (Cambridge, UK) and Yale University have
recently reported progress towards determination of the molecular structures of the small and large
ribosomal subunits, with data obtained at NSLS crystallography beamlines X12B and X25[1,2]. The
ribosome is the ubiquitous cellular organelle responsible for RiboNucleicAcid (RNA)-programmed
chemical synthesis of protein molecules, a process also known as translation. Venki Ramakrishnan, et
al., of the MRC (formerly of BNL's Biology Department and University of Utah) presented a model of
the 30S (small) ribosomal subunit of the thermophilic bacterium Thermus thermophilus. Thomas Stets,
Peter Moore and co-workers in the Department of Molecular Biophysics and Biochemistry, Yale
University, reported the structure of the 50S (large) ribosomal subunit of halophilic bacterium
Haloarcula marismortui. The ribosome is, by far, the largest and most complex component of the cell to
be successfully studied via x-ray crystallography. These two independent research efforts, each a tour de
force, point the way for future emphasis in biological crystallography: the study of large, multi-subunit
functional complexes of proteins and nucleic acids.

Ribosomes are comprised of small and large subunits, conventionally labeled by their sedimentation rate
constants: 30S and 50S, respectively (S=Svedburg units). In the case of bacteria, the 30S ribosomal
subunit contains 21 different proteins and a single ribonucleic acid (rRNA) molecule, about 1540
nucleotides in length. The 50S ribosomal subunit contains 33 different proteins and two rRNAs, 120 and
2900 nucleotides in length. The total mass of the 30S subunit is ~ 900 kiloDaltons, while that of 50S
subunit is ~1600 kiloDaltons. The ribosome translates the triplet-nucleotide genetic code of messenger
RNAs (RNA transcripts of genes) into the chains of amino acids that make up proteins. The 30S
ribosomal subunit is involved in recognition and editing processes that insure the accuracy of the
translation of the mRNA nucleotide sequences into the protein amino acid sequences. The 50S subunit is
known to contain the proteins and enzymatically active rRNA elements that actually perform the
chemical steps involved in peptide bond formation.

Crystals of ribosomes were grown from solutions of purified subunits and flash frozen to -175oC.
Diffraction data was obtained from frozen crystals at NSLS crystallography beamlines X12B (Malcolm
Capel, BNL Biology), X12C (Robert Sweet, BNL Biology) and X25 (Hal Lewis, Lonny Berman, NSLS).
Experimental crystallographic phases were obtained from diffraction experiments using ribosome
crystals modified with a variety of organic-heavy metal clusters (most importantly, clusters containing
tungsten and osmium). The 30S subunit phasing effort used an Osmium cluster synthesized by Bruce
Brunschwig of the Chemistry Department, BNL.

The MRC and Yale groups both presented electron density maps at about 5Å resolution. In density maps
of this level of resolution, it is possible to differentiate protein from rRNA and to determine the positions
and orientation of A-form helical regions of rRNA within the structure. The surface topology of both
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subunits is revealed in detail, as is the geometry of the 30S-50S subunit interface, forming whole 70S
ribosome complexes. This is important since the bulk of the enzymatic activities of the ribosome occur at
the 30S-50S interface. The substrates that interact with the ribosomal surface during protein synthesis
(transfer RNA, messenger RNA, initiation and elgation factor proteins) are large and bulky. Thus, even
at 5Å resolution there is a reasonable chance of deducing the sites of interactions between substrates and
the ribosome at different stages in the translation process.

Ramakrishnan's 30S subunit model (Figure 1) provides the location of all seven 30S ribosomal proteins
for which molecular structures are known. The detailed topology (fold) of the central core of 30S
subunit's 16S rRNA is traceable.

Figure 1: Ramakrishnan's 30S subunit model.

 

Interpretation of the 50S model (Figure 2) has yielded the position of the polypeptide exit channel, and
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the locations of the binding sites for a number of translation factors including EF-G and transfer RNA
(tRNA) complexed with elongation factor Tu. The positions of several large subunit proteins and a
portion of the rRNAs have been determined.

Figure 2: Ramakrishnan's 50S model.

Many medically important antibiotics are inhibitors of protein synthesis and interact directly with the
ribosome or protein factors that act on the ribosome during protein synthesis. Detailed knowledge of
ribosome structure may enable or assist rational drug design efforts targeting protein synthesis as the site
of antibiotic action.

The ribosome has been the object of study of a number of long-term efforts that have relied on BNL
structural biology facilities. In the 1970's and 80's Peter Moore, Don Engelman and co-workers from
Yale used neutron diffraction to determine the 3-dimensional configuration of the 21 proteins of the 30S
ribosomal subunit of the bacterium Escherichia coli [3]. The 3D map of the 30S ribosomal proteins was
determined by measuring the distances separating the centers of mass of many different pairs of
ribosomal proteins within the 30S subunit, in solution, by neutron diffraction methods at beamline H9B
(Deiter Schneider, BNL Biology) of the High Flux Beam Reactor. The 30S neutron map, together with
chemical crosslinking data showing where 30S proteins interact with 16S ribosomal RNA provided
landmarks that were crucial to the interpretation of V. Ramakrishnan's x-ray diffraction data. Miroslav
Boublik (deceased, formerly of the Roche Institute, NJ) collaborated with Joe Wall (BNL Biology),
using BNL's Scanning Transmission Electron Microscope facility to study the process of reassembly of
30S and 50S ribosomes from their constituent proteins and rRNAs[4]. These observations were used to
help understand the highly complex interactions between proteins and rRNA that are involved in
ribosome assembly. In the early to mid 1990's V. Ramakrishnan and Steven White (then BNL Biology,
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now in the Dept. Structural Biology, St. Jude's Children's Hospital, Memphis TN), isolated, crystallized
and determined the molecular structures of a number of small and large ribosomal subunit proteins in
isolation via x-ray crystallography[5,6,7], using data from NSLS beamlines X12B and X12C. The first
low-resolution x-ray maps of the 50S ribosomal subunit were published a year ago by the Yale team,
including Robert Sweet with data obtained at X12C and X12B[8].

The information from the two studies provides a firm basis for future work that also will rely on NSLS
structural biology facilities. This work will include determining the location, orientation and fold of all
ribosomal proteins within their respective subunit, and tracing out the complete fold of all of rRNAs not
presently specified by the current model structures. In addition, both groups will extend their efforts to
study functional complexes of ribosomal subunits representing different steps in the process of protein
synthesis. The results in hand give much hope that a mechanistic understanding of the ribosome is a
practical inevitability, in spite of the daunting complexity of the road ahead.
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Formal Close Out of Experimental Runs
Tom Dickinson

NSLS Safety Officer

A new beam-line close-out procedure has recently been adopted which is important to all users.
Whenever a particular experiment has been completed on a beam line, it is important to notify operations
that the run is over. It has been a long-standing requirement that an experimenter notify operations at the
end of a run, but this can be easily forgotten and the Operations Coordinators have had no direct way to
know when an experiment is no longer running at a beamline.

Without notification that the run is complete, it is possible for the next experiment to start up without
involving the operation staff. Review by the operations staff prior to beam authorization is important to
ensure that the conditions of the Safety Approval Form have been implemented before the experiment
begins.

As a way to improve control of beamline turnover, the NSLS now requires that one experimenter listed
on the SAF accept responsibility for notifying the Operations Coordinators at the end of the run. This is
done with a short form, which lists the name and home institution phone number of the responsible
individual along with a short explanation of how the system works. This form is posted at the beamline
as a reminder, and the experiment is not placed on line until this is done. If a beamline is found on line
after the experimental run is over, the responsible individual will be contacted for an explanation.
Because of the importance of operations control of experiment start up, these events will be closely
tracked. If you have accepted responsibility to make this notification, please pay careful attention to this
requirement.

This program has been in place since late September and acceptance has been good. We expect to make
refinements to minimize delays for users and extra steps for the Operations Coordinators.
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Administrative Update
Frank Terrano

Assistant to the Chairman

Work Permits 

Web based work permits have become a reality. The NSLS Work Planning Manager along with the work
Planning Coordinators are presently involved with BNL's Plant Engineering Division in implementing
the next phase of the highly successful Work Planning and Control System at BNL. The initial system,
also piloted by the NSLS, designed to provide a consistent method for identifying and analyzing job
hazards, planning work and coordinating job activities, has thus far been a paper one. Presently, after
having been routed for multiple reviews and signatures, a hard copy work permit is issued to allow a job
to begin. Although the system does what it was designed to do, the process can sometimes be
cumbersome and time consuming, especially when there are changes made to the work plan, and
re-routing becomes necessary. The new Web based system will allow on line submission, review, and
approval of the work permit, while also maintaining an historical database. This will eliminate the need
for the physical routing of the document, and should streamline the overall process considerably. Its
development is the result of a combined effort by the NSLS Department, Plant Engineering Division and
Business Information Systems Division of BNL. The Web pilot program will be conducted at the NSLS
until all are satisfied that it is running smoothly, at which time it will be released to the rest of the
Laboratory.

User Office Moves 

There have been a number of inquiries regarding the long awaited relocation of NSLS User offices from
the third floor of Building #510 to Buildings #129 and #535. At this point we can only state that the plan
has not changed. There have been delays in the relocation of present occupants of the offices in areas that
have been promised to the NSLS Users. These delays have been primarily driven by difficulties in
finding adequate space for the groups that are moving out of #535, and further delays in having to
refurbish some of those spaces. The process is going on however, and we have been told that at least
some areas of Building #535 will be available shortly. We will continue to pursue the Directorate to
move on this issue, and will try to keep those affected informed as best we can.

November 1999 Table of Contents..........NSLS Home Page............BNL Home Page

The NSLS User Administrator maintains this document. DISCLAIMERS.  Revised Date: October 28, 1999

admin.html

http://nslsweb.nsls.bnl.gov/nsls/pubs/newsletters/Nov99/admin.htm [3/30/2001 9:37:17 AM]

http://www.nsls.bnl.gov/Intro/Newslet/Nov99/novtoc.htm
http://www.nsls.bnl.gov/
http://www.bnl.gov/
http://www.bnl.gov/BNL/disclaimer/disclaimer.html


November 1999 NSLS Newsletter

In Memoriam - Denny Klein

 

 

By Frank Terrano

Assistant to the Chairman

John (Denny) Klein, who had been with the NSLS Department for 17 years, passed away on April 15 at
the age of 56. Denny started with BNL as a technician at the Accelerator Department on December 3,
1962. He joined the "NSLS Project" in July of 1980, which was then under the Physics Department and
he stayed with the NSLS when it became a Department in 1982, where he served the remainder of his
36-year tenure at BNL. Denny worked at the NSLS with the Diagnostics & Controls Group as a Senior
Technical Supervisor until 1992 when he moved to the Administrative Group to become the
Department's first Training Coordinator. In his new role, Denny developed the initial NSLS training
policies and procedures, which for the most part still remain in effect today. In 1995 Denny assumed
additional responsibilities as the Department Quality Assurance Representative.

Over and above his formal duties, Denny also served as NSLS Employee Relations Representative and
Chairman of the NSLS Spotlight Committee. Even after joining the Administrative Group, he continued
to assist the Department on numerous projects with his technical expertise, and agreed to remain on call
for emergency (off-hour) technical support whenever the need arose.

Some of Denny's other accomplishments while with the NSLS included: the establishment of the BNL
Tech Trainee Program, the GERT training video and test which facilitated the "one stop shopping"
concept for user registration at the NSLS, the formation of the Tech. Supervisors Group, and the lobby
information system (TV wall & directory).

Denny's genuine concern for helping people is reflected as John Gallagher relates his experience working
as a new hire with Denny. "Very often Denny would use the jobs he assigned us as teaching
opportunities. He would intentionally omit a few details and expect us to make the corrections ourselves.
When we couldn't, he would patiently show us what we had overlooked …. In the beginning it may have
taken a little longer...but ultimately, it made us better technicians."
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In spite of personal health problems in his last year, Denny managed to "be there" for the Department
under difficult circumstances involving audits and reviews.

He will be missed by many.
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