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What SHADOW can’t do
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Electron parameters APS, MBA
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ElectronElectronElectron
APS MBA

σx 276 14.8 µm

σy 11.6 4.3 µm

σ’x 11.6 5.0 µrad

σ’y 3.7 1.7 µrad

εx 3200 74 pmrad

εy 42 7.4 pmrad

Performance Characteristics of APS Multibend Achromat

Lattice

Michael Borland, Accelerator Systems Division
CVS revision 1.2: Tue Jul 30 20:19:01 CDT 2013.

1 Introduction

This document lists preliminary expected performance characteristics of the multi-bend achromat
(MBA) lattice upgrade to the APS. Since the design is still in development, these characteristics are
subject to significant change. This document will be updated as the design is refined to reflect the
best available data.

2 Global Accelerator Properties

The global properties of the accelerator are listed in Table 1.

Quantity Symbol Range Units

Circumference C 1104 m
Number of sectors N

s

40
Number of sectors N

d

5-8
Arc beam pipe outside diameter D

p

26 mm
Average pressure P

ave

< 2 nT

Table 1: Global accelerator properties

3 Basic Electron Beam Properties

The basic properties of the electron beam are listed in Table 2.

Quantity Symbol Range Units

Beam energy E 6 GeV
Natural emittance ✏0 60 - 80 pm
Rms energy spread �

�

0.10 - 0.12 %
Emittance ratio  = ✏

y

/✏
x

0.1 - 1.0
Horizontal emittance ✏

x

30 - 73 pm
Vertical emittance ✏

y

7 - 40 pm

Table 2: Basic electron beam properties

Typically, we expect that ✏0 = ✏
x

+ ✏
y

, so that

✏
y

= 

1+

✏0

✏
x

= 1
1+

✏0
(1)

1

4 Fill Pattern

The default fill pattern for the ring is described in Table 3. Other fill patterns may be possible, but
it is thought that the maximum current per bunch will be of order 1 mA.

Quantity Symbol Range Units

Total current I 200 mA
Number of bunches N

b

432
Bunch rate f

b

117 MHz

Table 3: Fill pattern

5 Insertion Device Sources

Insertion device source points will have the properties listed in Table 4.

Quantity Symbol Range Units

Horizontal beta function �
x

1-4 m
Horizontal dispersion function ⌘

x

< 3 mm
Horizontal beam size �

x

5 - 17 µm
Horizontal beam divergence �

x

0 3 - 9 µrad
Horizontal size-divergence product �

x

�
x

0 30 - 73 pm

Vertical beta function �
y

1-4 m
Vertical dispersion function ⌘

y

0 mm
Vertical beam size �

y

2 - 13 µm
Vertical beam divergence �

y

0 1 - 6 µrad
Vertical size-divergence product �

y

�
y

0 6 - 40 pm

Table 4: Insertion device source point characteristics

Insertion device straight sections will accommodate insertion devices with properties listed in
Table 5.

Quantity Symbol Range Units

Maximum length L
u

4.8 m
Vertical chamber inside gap g

v

6 mm
Horizontal chamber inside gap g

h

6 mm

Table 5: Insertion device properties

6 Bending Magnet Sources

Because of the decreased energy, a high-field insertion must be used to restore the critical energy of
bending magnet radiation. Bending magnet source properties are listed in Table 6.

2

43 Hor
5.6 Ver
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Photon parameters APS, MBA
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Photon
RIXS

ElectronElectronElectron TotalTotalTotal

Energy: 11.2 keV, 
(4.8 m device)

APS MBA APS MBA

σr = 5.2

σx 276 14.8 Σx 276 15.6 µm

σr = 5.2 σy 11.6 4.3 Σy 12.7 6.8 µm

σρ = 3.4

σ’x 11.6 5.0 Σ’x 12.0 6.0 µrad

σρ = 3.4 σ’y 3.7 1.7 Σ’y 5.0 3.8 µrad

For resonant 
energy
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RIXS: Optics considered in hybrid simulations

Element Length Distance from 
source (mm)

Incidence angle
(mrad)

Elliptical cylinder 
Hor. Focusing

320 mm 39,120 3

Elliptical cylinder 
Ver. focusing

320 mm 39,440 3

Sample 40,000

8

Source

Vertical

Horizontal Sample

Monos not included but 
vibrations could be 
detrimental
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RIXS: Optics considered in hybrid simulations

Element Length Distance from 
source (mm)

Incidence angle
(mrad)

Elliptical cylinder 
Hor. Focusing

320 mm 39,120 3

Elliptical cylinder 
Ver. focusing

320 mm 39,440 3

Sample 40,000

8

Source

Vertical

Horizontal Sample

Two
monos

Monos not included but 
vibrations could be 
detrimental
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APS vs MBA
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APS vs MBA
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Slope errors with MBA
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Slope errors with MBA
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Slope errors with MBA
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Slope errors with MBA
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its mechanical and optical properties. Any imperfec-
tions, vibrations or drifts by the beamline optics will
therefore be filtered out by the BDA, and materialize
at the sample position as intensity change, but not as
(virtual) motion of the source. By positioning all
beamline optics upstream of the BDA, the BDA will
be illuminated only by monochromatic X-rays, there-
by minimizing the power it is exposed to, and
maximizing the accuracy of its position and size. In
the horizontal direction, the BDA can be closed to a
size of as small as 10 lm, to provide coherent
illumination of both diffractive and reflective X-ray
optics in the horizontal direction. In the vertical
direction, a pink-beam mirror M2 is used to refocus
the source into a spot with a size of 5 lm FWHM at
the BDA. The BDA can be closed vertically to a size
as small as 4 lm to provide coherent illumination for
nanofocusing optics with acceptance up to 350 lm,
such as the upstream optic of a K–B mirror system.
The size of the BDA can be opened in both vertical
and horizontal directions to utilize partially coherent
beam, which allows operation at increased flux, at a
cost of reduced spatial resolution.

III. X-RAY SOURCE

The ISN beamline will use hard X-rays with photon
energies from 4 to 30 keV from an insertion device. To
access elemental absorption edges of interest, the inci-
dent photon energy has to be fully tunable throughout
the full range of photon energies. The APS currently
operates with a coupling of 1.5 pct and an emittance of

2.514 nm-rad in the horizontal direction. For insertion
devices, we use the following standard source parame-
ters (standard lattice ‘‘nux36nuy39,’’ courtesy R. Dejus,
APS):

rx = 274.3 lm,
ry = 10.3 lm,
r¢x = 11.27 lrad,
r¢y = 3.58 lrad.
As a reference for the beamline design, we use a

number of sv = 2.35Æry = 24.4 lm FWHM for the
vertical source size.
For the Advanced Photon Source (APS), an inser-

tion device with a period ku of 3.3 cm provides high
brilliance in the first undulator harmonic for energies
up to 12 keV, as well as full tunability throughout the
range of operating energies. The coherent flux Fcoh,
becomes rapidly smaller toward higher energy, with
Fcoh ~ k2ÆB, where k is the X-ray wavelength and B the
brilliance. We will therefore deploy a ‘‘revolver’’-type
undulator,[38] a device that combines two different
periodic structures into a single system, and allows
change of the undulator period during experiments.
The insertion device for the ISN beamline will utilize a
magnetic structure with period ku of 3.3 cm for the
lower part of the energy range, a magnetic structure
with period ku of 2.7 cm for the higher part of energy
range, and use the 3rd harmonic of the 3.3 cm
structure for the ‘‘gap’’ in the 2.7 cm structure between
15 and 22 keV. Figure 2 shows the tuning curves for
both the 3.3 cm structure and the 2.7 cm structure in
the relevant energy range, for an electron beam current
of 100 mA.

Fig. 1—Optical layout of the ISN beamline. rh and rv are the FWHM horizontal and vertical source sizes, respectively, rh = 2.35 rx, and
rv =2.35 ry. L is the distance of the nanofocusing optics from the source, La is the distance of the beam defining aperture from the source, and
dh and dv the size of the BDA in horizontal and vertical direction. Ah and Av are the acceptance of the nanofocusing optics in horizontal
and vertical direction, where the acceptance corresponds to the aperture D of a diffractive optic, or to the product of grazing angle and optical
length for a nanofocusing mirror. The beam defining aperture can be set to horizontal/vertical size dh and dv which allows fully or partially
coherent illumination of the different apertures of both reflective and diffractive nanofocusing optics.

METALLURGICAL AND MATERIALS TRANSACTIONS A
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ISN Beamline

14
Courtesy J. Maser

APS MBA
Σx 276 15.8 µm
Σy 12.7 7.0 µm
Σ’x 12.0 6.0 µrad
Σ’y 5.0 3.8 µrad

35 horizontal
2.4 vertical

10 keV
2.4 m device
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its mechanical and optical properties. Any imperfec-
tions, vibrations or drifts by the beamline optics will
therefore be filtered out by the BDA, and materialize
at the sample position as intensity change, but not as
(virtual) motion of the source. By positioning all
beamline optics upstream of the BDA, the BDA will
be illuminated only by monochromatic X-rays, there-
by minimizing the power it is exposed to, and
maximizing the accuracy of its position and size. In
the horizontal direction, the BDA can be closed to a
size of as small as 10 lm, to provide coherent
illumination of both diffractive and reflective X-ray
optics in the horizontal direction. In the vertical
direction, a pink-beam mirror M2 is used to refocus
the source into a spot with a size of 5 lm FWHM at
the BDA. The BDA can be closed vertically to a size
as small as 4 lm to provide coherent illumination for
nanofocusing optics with acceptance up to 350 lm,
such as the upstream optic of a K–B mirror system.
The size of the BDA can be opened in both vertical
and horizontal directions to utilize partially coherent
beam, which allows operation at increased flux, at a
cost of reduced spatial resolution.

III. X-RAY SOURCE

The ISN beamline will use hard X-rays with photon
energies from 4 to 30 keV from an insertion device. To
access elemental absorption edges of interest, the inci-
dent photon energy has to be fully tunable throughout
the full range of photon energies. The APS currently
operates with a coupling of 1.5 pct and an emittance of

2.514 nm-rad in the horizontal direction. For insertion
devices, we use the following standard source parame-
ters (standard lattice ‘‘nux36nuy39,’’ courtesy R. Dejus,
APS):

rx = 274.3 lm,
ry = 10.3 lm,
r¢x = 11.27 lrad,
r¢y = 3.58 lrad.
As a reference for the beamline design, we use a

number of sv = 2.35Æry = 24.4 lm FWHM for the
vertical source size.
For the Advanced Photon Source (APS), an inser-

tion device with a period ku of 3.3 cm provides high
brilliance in the first undulator harmonic for energies
up to 12 keV, as well as full tunability throughout the
range of operating energies. The coherent flux Fcoh,
becomes rapidly smaller toward higher energy, with
Fcoh ~ k2ÆB, where k is the X-ray wavelength and B the
brilliance. We will therefore deploy a ‘‘revolver’’-type
undulator,[38] a device that combines two different
periodic structures into a single system, and allows
change of the undulator period during experiments.
The insertion device for the ISN beamline will utilize a
magnetic structure with period ku of 3.3 cm for the
lower part of the energy range, a magnetic structure
with period ku of 2.7 cm for the higher part of energy
range, and use the 3rd harmonic of the 3.3 cm
structure for the ‘‘gap’’ in the 2.7 cm structure between
15 and 22 keV. Figure 2 shows the tuning curves for
both the 3.3 cm structure and the 2.7 cm structure in
the relevant energy range, for an electron beam current
of 100 mA.

Fig. 1—Optical layout of the ISN beamline. rh and rv are the FWHM horizontal and vertical source sizes, respectively, rh = 2.35 rx, and
rv =2.35 ry. L is the distance of the nanofocusing optics from the source, La is the distance of the beam defining aperture from the source, and
dh and dv the size of the BDA in horizontal and vertical direction. Ah and Av are the acceptance of the nanofocusing optics in horizontal
and vertical direction, where the acceptance corresponds to the aperture D of a diffractive optic, or to the product of grazing angle and optical
length for a nanofocusing mirror. The beam defining aperture can be set to horizontal/vertical size dh and dv which allows fully or partially
coherent illumination of the different apertures of both reflective and diffractive nanofocusing optics.
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ISN Beamline

15
Courtesy J. Maser

Element Size Distance from
 source (mm)

Elliptical cyl. Vert.  Focusing 360×2 mm2 35300

Aperture 11×4 µm2  (h×v) 42200

Elliptical cyl. Vert.  Focusing 180 mm 71820

Elliptical cyl. Hor.  Focusing 60 mm 71940

Sample 72000
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Slope errors with MBA
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Slope errors with MBA

18

-200

-100

0

100

200

Ve
r. 

(n
m

)
-200 -100 0 100 200

Hor. (nm)

Trans: 3.2e-2   SDx:38 µm      SDy:41 µm
SE: 0.1 µrad 

2500
2000
1500
1000
500
0-200

-100

0

100

200

Ve
r. 

(n
m

)

-200 -100 0 100 200

Hor. (nm)

Trans: 3.0e-2   SDx:44 µrad      SDy:69 µrad
SE: 0.4 µrad

1200
1000
800
600
400
200
0

Wednesday, September 25, 13



APS	  Users	  Monthly	  Opera=ons	  Mee=ng,	  September	  25,	  2013	  

Summary
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‣ For	  demanding	  beamlines,	  “state	  of	  the	  art”	  op=cs	  are	  required
‣ Can	  we	  standardize	  op=cs?	  
‣ New	  tool	  to	  asses	  beamline	  performance.	  Will	  incorporate	  into	  
SHADOW.

‣ Working	  on	  tracking	  coherence	  
‣ Lahsen	  Assoufid	  will	  be	  covering	  many	  more	  issues	  Oct.	  10

Thanks:
Xianbo Shi
Manuel Sanchez del Rio
Lahsen Assoufid
Joerg Maser
Thomas Gog
Diego Casa
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