X-ray spectroscopy in the APS upgrade

Introduction 

X-ray absorption spectroscopy (XAS) will be an important technique in supporting the scientific themes of the upgrade. Bulk XAS methods have long been important for studying real materials under real conditions, and numerous examples are found in materials and chemical science (i.e. catalysis, batteries and fuel cells), and the environmental sciences. The special characteristics of the APS allow XAS measurements to be extended into the time regime with sub-100 psec resolution, and with sub-micron resolution using x-ray microprobes. The APS currently has competitive and oversubscribed spectroscopy beamlines in all of these areas, and many of the proposed upgrades will extend their capabilities.
Below we discuss in more detail the various types of XAS beamlines and their proposed upgrades. At this stage we do not attempt to prioritize the proposals, but do point out areas where proposals overlap. 
Bulk XAS

Bulk XAS is generally best done on BM lines. ID lines are needed only for the most dilute samples or for methods such as X-ray Magnetic Circular Dichroism (XMCD) that require high flux and control of the polarization. Currently only two proposals specifically target XAS at bending magnetic lines. These are upgrades to 5-BM-D and 9-BM. The upgrade of 5-BM-D is part of a larger upgrade to the entire sector, and is a fairly minor upgrade to improve the operational efficiency by adding a spectroscopy specific monochromator. The 9-BM upgrade is aimed mainly at improving support for catalysis measurements. The first phase of this project is already underway using LDRD funding. Several other BM lines support bulk XAS at least part of the time: 12-BM-B, 13-BM-D, 20-BM, and the soon to be operational 10-BM. The mid-term upgrade would seem to be an opportunity for all of these beamlines to improve their capabilities to support users through a more coordinated effort in improving detectors, sample environments and software.
Another essentially bulk technique that has not been proposed, but was suggested at the workshop is dispersive XAS. This can be done on either BM or ID lines, but to really have an advantage over quick XAFS methods, an ID is preferred. The question here is whether there is sufficient user demand for the special characteristics of such a line to warrant use of an ID port. Perhaps it could be combined with anomalous diffraction capabilities using energy dispersive detection.

Nano/micro XAS

Almost all of the existing and proposed microprobe beamlines have XAS as one of their suite of detection methods. The existing and proposed beamlines fall into two categories: those employing diffractive optics (e.g. zone plates) for the highest spatial resolution, but with restrictions on spectroscopy, and those using K-B mirrors for flexible energy scanning, but generally less spatial resolution. While there is certainly significant overlap, their differing strengths has generally resulted in somewhat separate user communities for the two categories of instruments.
The APS has some highly competitive microprobes in the first category using zone plates at sector 2 and the nanoprobe beamline at sector 26. A critical missing capability is the ability to carry out measurements on cryogenically preserved samples. This is especially important for biological and environmental samples to minimize radiation damage and to avoid artifacts due to fixation and drying. To fill this need sector 2 is proposing a major upgrade that includes a separate cryo-XRF beamline. The bionanoprobe proposal also features this capability. While the specifications are not identical, there is a lot of overlap between these two proposals and they should be considered together at least for their spectroscopic components. Sector 2 is also proposing a room temperature microprobe that will be capable of micro-spectroscopy on less sensitive samples, and is a significant upgrade from their current facility.
The APS is starting to fall behind the capabilities of other facilities in micro-spectroscopy using K-B mirrors. There are a number of current facilities, but all are operated part-time, and not up to the capabilities of planned or operating dedicated facilities at other third generation sources. To address this, sectors 13 and 20 are each proposing essentially identical dedicated K-B microprobes using canted undulators. A key new capability of both proposals is the ability to rapidly scan large areas, and then to zoom in on interesting regions. This is especially important for the environmental science community where samples are often highly heterogeneous.
Sector 16 is also proposing a canted undulator upgrade to allow better simultaneous operation of the two branches on 16-ID. Included as part of this upgrade are improved K-B mirrors for operation below 1 micron in conjunction with their diamond anvil programs. X-ray spectroscopy (emission and absorption) will be an important part of this program.
Sector 18 has a K-B based microprobe that is operated part time for micro-spectroscopy. They are proposing to upgrade their beamline to a dual inline undulator configuration, doubling the available flux. Optics improvements funded separately would provide additional improvement.
Time-resolved XAS

There are many possibilities for time-resolved XAS measurements, ranging from seconds to minutes for chemical reactions in areas such as catalysis and batteries to the picosecond regime for pump-probe measurements. The time resolved XAFS upgrade proposals all concentrate on the picosecond regime. Currently sectors 7, 11, and 20 support sub-nsec time-resolved spectroscopy. All are proposing upgrades to their capabilities. Sector 7 and beamline 11-ID-D have proposed major upgrades, while sector 20 is asking for improved detectors and K-B mirrors for its facility as part of its canted undulator proposal. In light of the potential for a psec source using Crab cavities, all of these need to be coordinated as part of an overall time-resolved XAS program. The APS is currently a world leader in time-resolved XAS using hard x-rays, and the upgrade is an excellent opportunity to maintain this status.
XMCD

XMCD at the APS is centered at sector 4 with soft x-ray research centered at 4-ID-C and hard x-rays at 4-ID-D. Both have proposed major upgrades including a new undulator, improved optics and endstations. There is also a separate proposal for a new ID line optimized for XMCD in the lower energy range. Again these three proposals need to be considered together.
Enabling technologies

The common need for all of the spectroscopy beamlines is improved detectors. Currently no beamline can make full use of the available fluorescence signal. Many are requesting improved detectors such as multi-element Si drift detectors. The key is to have many small detectors efficiently packed together by integrating them on a single wafer. 

The upgrade would seem to be a good opportunity to establish collaborations with other projects working on detectors that could be useful. Examples include the BNL-Australian collaboration and the Medipix project in Europe.
