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The APS Upgrade (APS-U)

• APS upgrade is a ~18 month long upgrade project for the 
APS
• Completely replace the electron storage ring
• Improve x-ray brightness by up to 500x

• Old APS turned off April 2023

• First light at an experimental station was achieved on June 
17th 2024

• BioCAT commissioning:
• Sept./Oct. 2024: Safety validation
• Oct./Nov. 2024: Technical commissioning
• Dec. 2024/Feb. 2025: Scientific commissioning

• We are resuming normal user operations in mid-February 
2025



Benefits for BioCAT

• Smaller horizontal beam size

• Smaller microfocus beams

• More flux (both standard and microfocus)

• Improved beam stability and uptime

• State-of-the-art source to keep facility world class for next 25+ 
years
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1.2. Tuning Curves 
 

 Use XOP module: Source > Undulator > XTC and the following parameters: 

  

Adapted from Fischetti et al. J. Synch. Rad. 11(5) 399-405 (2004). 

There are two independent double-crystal monochromators. The
mechanisms are identical, but the upstream monochromator (52.5 m
from source) has Si crystals with a (111) orientation while those in the
downstream monochromator (54 m from source) have a (400)
orientation. The user can select, under computer control, which
monochromator they want to use based on the energy range or
resolution desired. To preserve the Æxed beam height and to keep the
beam centered on the second crystal, both Bragg-normal and Bragg-
parallel translations of the second crystal are under computer control.
All motions are actuated by DC servomotors.
The cryo-cooled Ærst crystal was designed as a collaborative effort

between BioCAT, IMCA-CAT, MR-CAT, and SBC-CAT (Ivanov et

al., 2000). The crystal is supplied with liquid nitrogen using a Messer-
Griesheim type-4 closed-loop pumping system connected to the
liquid-nitrogen distribution system supplied by the APS. Both
monochromators have sagittal-focusing second-crystal assemblies
that can provide horizontal focusing of the beam. Because of the
relatively small horizontal width of the beam impinging on the second
sagittal-focusing crystal, it does not require stiffening ribs to minimize
the effect of anticlastic bending. There is no loss of intensity when the
beam is focused horizontally and near-theoretical spot sizes are
achieved. We have observed an intensity proÆle of 140 mm FWHM
after sagittal focusing at 12.0 keV at the focal point for a 2 m SAXS
camera (about 64 m from the source) that corresponds to a demag-
niÆcation ratio of 4.4:1. The maximum horizontal demagniÆcation
ratios are 6.2:1 and 7.3:1 for the Ærst monochromator (upstream) and
second monochromator (downstream), respectively. At the highest
demagniÆcation ratio, the smallest horizontal beam proÆle we have
measured from the upstream monochromator was 115 mm (FWHM)
at 12 keV.
The energy range of the upstream monochromator [Si(111) crys-

tals] is 3.4±14.6 keV using the fundamental of the undulator spec-
trum. The experimentally determined rocking curve at 12 keV
(FWHM = 36.4 mrad) agrees quite well with the theoretical curve
(FWHM = 31.7 mrad) under these conditions. The measured photon

Øux in the focused X-ray beam at the
sample position is 1.64 ⇥ 1013 photons s�1

at 12 keV and 2.23 ⇥ 1013 photons s�1 at
10 keV. The observed size of the unfocused
monochromatic beam at the sample posi-
tion is about 0.8 mm (vertical) by 3.6 mm
(horizontal) as measured near the front of
the experimental enclosure, 60 m from
the source.
The downstream monochromator

[Si(400) crystals] has an energy range of
7.9±33.8 keV. This range can be extended
up to 67.6 keV by using the mono-
chromator second harmonic [Si(800)]
reØection. The experimentally determined
rocking curve width for the Si(400) mono-
chromator at 12 keV is 17.1 mrad (FWHM),
which is comparable with the width of the
theoretical rocking curve of 13.6 mrad
(FWHM) under these conditions.
The beamline mirror (56 m from source)

is used for harmonic rejection and vertical
focusing and it can easily be withdrawn
from and reset on the beam path as
required. The mirror is constructed of
ultralow expansion (ULE) glass-ceramic
(Rocketdyne Corporation) of dimensions

1019 mm ⇥ 95 mm ⇥ 39 mm (L ⇥ W ⇥ H). As mounted in the
bender, the mirror was measured to have a RMS slope error of 2 mrad
over the central 800 mm of the mirror; the RMS surface roughness
was 2±3 A  . The mirror surface is divided into three lanes: bare ULE,
Pd-coated, and Pt-coated. The product of the energy and critical
angle for the three surfaces is 30.51, 62.21 and 81.31 keV mrad for
bare ULE, Pd-coated, and Pt-coated, respectively, enabling the
mirror to cover the full energy range of the beamline. The mirror
reØectivity is greater than 97% at the energies measured to date. The
mirror can be used either Øat or cylindrically bent to allow vertical
focusing independently of any horizontal focusing. By applying an
asymmetric couple, a smaller radius of curvature can be applied to the
downstream end of the mirror, better approximating the ideal ellip-
tical Ægure, leading to signiÆcant improvements in minimum vertical
focus. When focused at the center of the front optical table (61.5 m
from the source, demagniÆcation ratio of 11.2:1) the beam proÆle has
been observed to be as small as 35 mm (FWHM). The maximum
convergence angles under these conditions are 0.16 mrad vertically
and 0.19 mrad horizontally. Typical vertical beam proÆles when
focused for 1±6 m SAXS camera conÆgurations range from 40 mm to
60 mm (FWHM). While these vertical focal spot sizes are well
matched to the resolution of our detectors and are adequate for our
current scientiÆc program, they are larger than expected from the
demagniÆcation ratios and do not represent the best that can be
achieved using current mirror technology. In the spring of 2005 the
existing mirror and bender will be replaced with an adaptive
`Bimorph' mirror from Seso, which should produce a more ideal
Ægure and yield smaller minimum focal spot sizes (8±10 mm FWHM)
with less parasitic scattering.

Downstream of the mirror are horizontal and vertical beam-
deÆning slits for the monochromatic beam. These can be set to pass
the entire beam or deÆne a beam as small as 25 mm ⇥ 25 mm. A
monochromatic photon shutter allows the monochromator optics to
stay warm while allowing the user to enter the experimental
enclosure.
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Figure 1
Schematic drawing of the beamline optics. The X-ray beam travels from the right to the left in this Ægure.
The second monochromator with the Si(400) crystals is omitted for clarity and is located at 53.5 m from the
source. The experimental arrangement shown is for a standard 2 m SAXS camera with a Øow cell for
solution scattering. Spectroscopy experiments are performed on a remotely actuated table located
approximately 61.5 m from the source (not shown).

Detector

Sample

• In addition to mirror, have 2 
Be CRLS for microfocus work



Optical performance post APS-U

• Simulated beam shape/flux with OASYS at 64 m at 12 keV (Yujia Ding)
• Expected flux: ~6*1013 ph/s @ 12 keV

Simulations in OASYS by Yujia Ding, CSRRI/MRCAT

H: 5.9 µm
V: 3.0 µm

Perfect upstream optics



Optical performance post APS-U

• Simulated beam shape/flux with OASYS at 64 m at 12 keV (Yujia Ding)
• Expected flux: ~6*1013 ph/s @ 12 keV

Simulations in OASYS by Yujia Ding, CSRRI/MRCAT

H: 5.9 µm
V: 3.0 µm

Current upstream optics

H: 5.9 µm
V: 14.3 µm

Perfect upstream optics



Optical performance post APS-U

• Also simulated CRL optics
• Long focus (1.9 m) CRL

• Expected flux: ~1.6*1013 ph/s

Simulations in OASYS by Yujia Ding, CSRRI/MRCAT

H: 0.63 µm
V: 0.92 µm

Current upstream optics

H: 0.95 µm
V: 2.90 µm

Perfect upstream optics



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(expected)

APS-U 
(measured)

Sagittal focus (H) 120 µm 5.9 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 14.3 µm 25 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s*

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 0.95 µm2 2.9 x 1.4 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.72 x 0.22 µm2 0.99 x 0.2 µm2



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(expected)

APS-U 
(measured)

Sagittal focus (H) 120 µm 5.9 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 14.3 µm 25 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s*

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 0.95 µm2 2.9 x 1.4 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.72 x 0.22 µm2 0.99 x 0.2 µm2

7.5x 
better



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(expected)

APS-U 
(measured)

Sagittal focus (H) 120 µm 5.9 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 14.3 µm 25 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s*

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 0.95 µm2 2.9 x 1.4 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.72 x 0.22 µm2 0.99 x 0.2 µm2

16x (H) 
better



New BioCAT optics

• BioCAT’s optics are now the limiting factor in 
beam quality
• Optics are mostly original to the beamline, nearly 30 

years old

• In August 2024, the NIH approved $2 million in 
supplementary funds to upgrade current optics 
to take full advantage of APS-U
• New KB-style horizontal and vertical focusing mirrors
• New monochromator with both Silicon (high energy 

resolution) and multilayer (high flux) optics

• Project is underway and expected installation is 
early to mid 2026
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       BioCAT KB Mirror System 

       18-ID Beamline @ APS      Q10591 
2. Technical Description 
The BioCAT KB Mirror System consist of two independent motorized positioning systems in a 
common vacuum vessel. The super-polished optics will be mounted in elliptical benders to achieve 
the required shape and thermally stabilized by braids to a cooled finger. 

The mechanical arrangement is an evolution of the high stability mirror system FMB Oxford has 
developed to cope with the most recent requirement for ultimate vibration stability (<0.020 µrad 
RMS). 

 

 Proposed 18-ID KB Mirror System 

The KB mirror system is supported off a single block granite plinth acting as a stability support and 
vibration dampening, this connected to the floor via baseplates that are pre-aligned and grouted 
into position. 

Both optics, in their benders, are equipped with 5 axis motorized motions, each fitted with 3 in-air 
jack and 2 in-vacuum lateral translations.  Piezo stack actuators are provided on both optics for 
fine pitch motion.  All motors are fitted with encoders for position feedback and limit switches to 
protect from overtravel. 

The mirror mechanism holds the mirror assemblies in a stainless steel UHV vessel which is 
mechanically decoupled via edge-welded bellows. 

  



Optical performance post APS-U

• Simulated beam shape/flux with OASYS at 64 m at 12 keV (Yujia Ding)
• Expected flux: ~6*1013 ph/s @ 12 keV

Simulations in OASYS by Yujia Ding, CSRRI/MRCAT

H: 5.9 µm
V: 3.0 µm

Current upstream optics

H: 5.9 µm
V: 14.3 µm

Perfect upstream optics Upgraded optics

H: 4.7 µm
V: 3.9 µm



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(measured)

APS-U 
(new optics)

Sagittal focus (H) 120 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 25 µm 3.9 µm

Mirror focus (H) 4.3 µm 4.7 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s* 5.5*1013 ph/s

Flux (ML, 12 keV) 4*1015 ph/s 4*1015 ph/s

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 1.4 µm2 0.70 x 1.0 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.99 x 0.2 µm2 0.17 x 0.25 µm2



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(measured)

APS-U 
(new optics)

Sagittal focus (H) 120 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 25 µm 3.9 µm

Mirror focus (H) 4.3 µm 4.7 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s* 5.5*1013 ph/s

Flux (ML, 12 keV) 4*1015 ph/s 4*1015 ph/s

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 1.4 µm2 0.70 x 1.0 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.99 x 0.2 µm2 0.17 x 0.25 µm2

80x better



Optical performance summary

*Extrapolated based on ring current of measurement and upgrade target ring current

All values for 48 bunch timing mode

APS 
(measured)

APS-U 
(perfect)

APS-U 
(measured)

APS-U 
(new optics)

Sagittal focus (H) 120 µm 5.9 µm 16 µm

Mirror focus (V) 18 µm 3.0 µm 25 µm 3.9 µm

Mirror focus (H) 4.3 µm 4.7 µm

Flux (12 keV) 3*1013 ph/s 5.5*1013 ph/s 5.5*1013 ph/s* 5.5*1013 ph/s

Flux (ML, 12 keV) 4*1015 ph/s 4*1015 ph/s

CRL, long (VxH) 4 x 23 µm2 0.63 x 0.92 µm2 2.9 x 1.4 µm2 0.70 x 1.0 µm2

CRL, short (VxH) 0.5 x 5 µm2 0.15 x 0.22 µm2 0.99 x 0.2 µm2 0.17 x 0.25 µm2

9.6x (V)
3.1x (H)
better

And better beam shape!



Summary

• APS-U provides smaller, brighter beams and a state-of-the-art facility for BioCAT

• Measured beam size and flux is in line with expected APS-U values
• ~8x decrease in horizontal size
• ~4-20x decrease in microfocus beam size
• ~2x increase in flux

• New (ongoing) optics upgrade will allow BioCAT to take full advantage of APS-U and 
provide the best possible beams
• Expected ~3-10x decrease in beam size with main optics
• Expected ~4x decrease in microfocus beam size
• Beam shape is significantly improved
• Up to 80x increase in flux


