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The Frontiers of Science

» Supporting research that led to over
100 Nobel Prizes during the past 6
decades—more than 20 in the past 10
years

Supportinh.D. scientists,
ents, undergraduates,

roviding 45% of Federal support of
basic research in the physical and
energy related sciences and key
components of the Nation’s basic
research in biology and computing

21st Century Tools of Science

SC touches more people = Providing the world’s largest collection of

through its user facilities than Ser facilities to over 29,000
it does through direct funding e




Office of Science Budget by Research & Facilities

>40% of SC funding is provided to the scientific user facilities

Research

Facility
operations

i

User facilities address
needs of the scientific
community not met by
other government
agencies, public
organizations, private
entities, or international
bodies.

Facility construction and
major instrumentation
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SC User Facilities a




Distribution of Users at the ~30 SC Facilities
Nearly % of users do their work at ASCR or BES facilities

RHIC

B-Factory

Tevatron

Comput

Facilities i

Does not include LHC; HEP supports
about 1,700 scientists, technicians, and
engineers at the LHC.

Light Sources

Neutron
Sources

Nano
Centers




Users by Facility at the Light Sources
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Charge to BESAC on X-ray Light Sources

= On January 2, 2013, Bill Brinkman, then the Director of the Office of
Science, issued a charge to the Basic Energy Sciences Advisory
Committee (BESAC).

» The charge requested:

> An assessment of the grand science challenges that could best be explored with current and
possible future SC light sources.

An evaluation of the effectiveness of the present SC light source portfolio to meet these grand
science challenges.

An enumeration of future light source performance specifications that would maximize the impact
on grand science challenges.

Prioritized recommendations on which future light source concepts and the technology behind them
are best suited to achieve these performance specifications.

Identification of prioritized research and development initiatives to accelerate the realization of
these future light source facilities in a cost effective manner.

» John Hemminger, the Chair of BESAC, served as Chair of a 22 member
Subcommittee, which used previous BESAC and BES reports and new input from
the x-ray sciences communities to formulate findings and recommendations.

» The final report was accepted by BESAC on July 25, 2013.




BESAC — Findings

» At the present time, the U.S. enjoys a significant leadership role in the x-ray
light source community. This is a direct result of the successes of the major
facilities managed by BES for the U.S. This leadership position is due to the
science successes of the storage ring facilities and the particularly stunning
success of the first hard x-ray free electron laser, the Linac Coherent Light
Source (LCLS). However, it is abundantly clear that international activity in
the construction of new diffraction limited* storage rings and new free
electron laser facilities will seriously challenge U.S. leadership in the
decades to come.

The U.S. will no longer hold a leadership role in such facilities unless new
unique facilities are developed as recommended by the BESAC facilities
prioritization report.

* To upgrade an existing storage ring to one that is diffraction limited will require the replacement of
the entire lattice to greatly reduce the electron source size and angular divergence in order to
maximize the x-ray beam brightness.




BESAC — Recommendations

= For free electron lasers: In spite of the present intensely competitive
environment, an exciting window of opportunity exists for the U.S. to provide a
revolutionary advance in x-ray science by developing and constructing an
unprecedented x-ray light source. This new light source should provide high
repetition rate, ultra-bright, transform limited, femtosecond x-ray pulses
over a broad photon energy range with full spatial and temporal
coherence. Stability and precision timing will be critical characteristics of
the new light source.

> The best approach for a light source would be a linac-based, seeded, free electron laser.
> The linac should feed multiple, independently tunable undulators each of which could service multiple endstations.

> The new light source must have pulse characteristics and high repetition rate to carry out a broad range of “pump probe”
experiments, in addition to a sufficiently broad photon energy range (~0.2 keV to ~5.0 keV).

For storage rings: At best the present plans for upgrades of U.S. storage
rings will leave the U.S. behind the international community in this area of x-ray
science. BES should ensure that U.S. storage ring x-ray sources reclaim their
world leadership position. This will require a careful evaluation of present
upgrade plans to determine paths forward that will guarantee that U.S.
facilities remain at the cutting edge of x-ray storage ring science.




BESAC Recommendations

How U.S. and International Light Sources Address the Recommendations

EU | PAL |SWISS
BESAC XFEL | XFEL | FEL

Recommendations e

Seeded & Transform Limited v

High Rep Rate ~1 MHz

Broad Spectral Range - v

at lanact N 2R Ikal/

Multiple, Tunable Undulators

The new LCLS-Il is the only FEL addressing
all of the BESAC recommendations.
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4 Nobel Prizes in Biochemistry with SC Storage Ring Light Sources
& the Prospect of Single-Molecule, Single-Shot Imaging with FELs
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The structure of the
B2AR-Gs complex.
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The Linac Coherent nght Source at SLAC

Expanded section
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LCLS-II Upgrade After BESAC Report:
New 4 GeV SC linac; 1 soft x-ray & 1 hard x-ray undulator in the existing tunnel

New 4 GeV superconducting linac New soft x-ray and hard x-ray
and new high repetition rate undulators
injector

0.2-4.2 keV (100 kHz)

0- 5 keV (100 RKz)
0-

1.
1.0- 20 keV (120 H.

Existing 14 GeV normal Existing undulator tunnel;
conducting linac and Near & Far Experimental

injector Halls; and 6 Instruments




