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5 Front Ends and Insertion Devices

5-1 Introduction

The Advanced Photon Source (APS) Upgrade Project is a major redesign of the accelerator in the
current operating machine. The upgraded APS will be operating at 6 GeV and 200 mA of stored
beam with a new low emittance lattice. To fully support the APS Upgrade (APS-U), the front
ends and insertion devices (IDs) located inside the storage ring tunnel need to be upgraded. This
chapter describes the front ends, IDs, and bending magnet (BM) sources where capabilities must
be improved to maximize the potential of the APS Upgrade Project.

Most of the front ends at the APS were designed more than 20 years ago and have been in operation
since then. The BM front ends were designed to handle power from the APS operating at 300 mA
current at 7 GeV. The ID front ends were originally designed to handle 100 mA of beam from a
2.4-m-long undulator A of period 3.3 cm. Recently, the APS has designed ID front ends capable of
handling higher heat loads from two 2.4 m undulator A’s in a straight section. The APS Upgrade
will require all the original ID front ends to be replaced in order to handle the increased power.
In addition, all ID front ends will have next-generation x-ray beam position monitors (XBPM)
to provide long-term stability for the beamlines. The current BM front ends will undergo minor
modifications and will be reused. Section 5-2 discusses the front end plans for the APS-U.

At the current time, the APS has 54 IDs in operation over 33 beamlines. Most of the devices were
optimized more than 20 years ago for 7-GeV operation, providing full energy tunability in the hard
x-ray range. There are some devices with smaller periods and two electromagnetic devices for soft
x-ray beamlines. The upgraded APS machine will operate at 6 GeV and will require replacement of
most of the IDs. Over the years, user requirements have been refined, and requests for special devices
like superconducting undulators and variable polarizing undulators have increased. To maximize the
brightness and flux for all the beamlines (also part of the APS-U), most of the IDs will be replaced
with smaller period devices. In addition, because of user requirements, more special devices will be
installed in the new upgraded machine. Section 5-3 discusses the ID plans for the APS-U.

Currently, there are 23 BM front ends installed, of which only 20 beamlines are in operation. The
BM beamlines can use up to 6 mrad in a horizontal fan of radiation. With the multi-bend achromat
(MBA) lattice for the APS-U, the BM source is changing. The MBA reverse bend lattice makes
the BM source a complex combination of radiation from multiple sources. Section 5-4 will discuss
the various options for the existing bending magnet sources.
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5-2 Front Ends
5-2.1 Introduction and Scope

Front ends are the sections tangential to the storage ring. Most of the front end components, except
for the exit table, are housed inside the storage ring tunnel enclosure. The synchrotron beam
extracted from the storage ring must pass through the front ends first. At the APS, there are a
total of 40 sectors, 35 of which have beam ports and are capable of extracting a synchrotron beam.
Each sector consists of an ID and a BM beam port. An overview of both ID and BM front ends of
the APS-U for one sector is shown in Figure 5.1.

ID FRONT END BM FRONT END

INSERTION DEVICES

Figure 5.1. Querview of ID and BM front ends in relation to the storage ring components.

The APS Upgrade will build out front ends for the entire 35 ID ports and 23 BM front ends. All
existing original ID front ends that were built in the 1990s cannot handle the heat load and will
be replaced by new front ends. The ID front ends built in the 2000s can handle the heat load and
will be retrofitted to have clearing magnets and next generation XBPMs. All BM front ends will
be retrofitted to have clearing magnets. The total scope and top level WBS is shown in Table 5.1.

Table 5.1. Type of front ends and their WBS

WBS Type of front end Qty
U2.05.02.01 High Heat Load Front Ends (HHLFE) 17
U2.05.02.02 Canted Undulator Front Ends (CUFE) 6
U2.05.02.03 High Heat Load Front Ends Retrofit (HHLR) 5
U2.05.02.04 Canted Front End Retrofit (CFR) 7

U2.05.02.05 Bending Magnet Front End Retrofit (BMR) 23
U2.05.02.06 Front End Test and Assembly

Advanced Photon Source Upgrade Project
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5-2.2 Requirements

The APS Upgrade requires three types of front ends:

1. High Heat Load Front End (HHLFE) for two inline undulators

2. Canted Undulators Front End (CUFE) for two undulators at 1.0 mrad canting angle between
them

3. Bending Magnet Front End (BMFE) for bending magnet sources

All front ends must have the following features:

1. Must have a clearing magnet to deflect and dump the electron beam in case the electrons escape
the storage ring during the swap out injection while the safety shutter is open. This is a new
requirement on the front end exclusively from the APS-U. In current APS operation, electron
trace studies have been performed for each type of front end to ensure that no electrons can
escape from the storage ring and pass through the front end during top-up injection. These
studies depend on the front-end shielding aperture arrangement and must be re-done if the
shielding aperture changes. For the APS-U lattice, due to the large number of magnets, it is
difficult to perform simulations for all cases, so a clearing magnet will be used in the front end
to meet the required safety for swap out injection. The clearing magnet must be a permanent
magnet.

2. Must have next generation XBPMs system. This is a new requirement for the APS-U. Due to
the stringent beam stability requirements for the APS-U beam, the XBPM plays an important
role.

3. Must handle heat load from anticipated sources.

(a) HHLFE must be able to handle the heat load from 6 GeV, 200 mA operation with two
inline 2.4 m long undulators. The HHLFE must be able to handle a total power of 21
kW and a peak power density of 590 kW /mrad?.

(b) CUFE must be able to handle heat load from 6 GeV 200 mA operation with two 2.1 m
long canted undulator at 1.0 mrad canting angle. The CUFE must be able to handle a
total power of 20 kW and a peak power density of 280 kW /mrad?.

(¢) BM front ends must be able to handle the heat load from APS-U magnets at 6 GeV, 200
mA operation.

4. Must provide radiation safety. The front end must confine the synchrotron radiation and
bremsstrahlung radiation within a defined opening angle, and provide a means of stopping
and absorbing the radiation upstream of the ratchet wall in order to allow personnel access to
stations outside the ratchet wall. The major components that will fulfill these functions are
photon masks, photon shutters, bremsstrahlung collimators, and safety shutters.

5. Must provide vacuum protection to the storage ring. The front end must function as a
vacuum buffer zone between the beamline vacuum and storage ring vacuum. It must be
able to maintain the ultra-high vacuum (UHV) requirements of the storage ring. It must
monitor vacuum quality and isolate the storage ring vacuum from the beamline vacuum when
necessary. Components for vacuum protection are vacuum pumps, gauges, valves, and x-ray
exit windows.
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5-2.3 Front End Design
5-2.3.1 Overview of Existing Front Ends and Design History

Over the past 20 years, front end design has been constantly improving to enhance the capability
to handle higher heat loads, deliver canted beams, and provide mechanisms for improving beam
stability. Over the past few years, the design has also been improved in its manufacturability, ease
of alignment, ease of maintenance, and engineering value. As of today, there are five types of ID
front ends in the APS storage ring. This document describes the existing front ends and what needs
to be done to upgrade them so they are compatible with the APS Upgrade.

The majority of the existing front ends are version 1.2 front ends (FEv1.2), which are the original
front ends installed in the current APS storage ring. This type of front end is compatible with both
the undulator and wiggler operation and has very large apertures to pass the wiggler beam. The
heat-load limit for FEv1.2 is about 7 kW of total power and 200 kW /mrad? peak power density,
which is equivalent to a single undulator A (period 33mm) of 11-mm gap at 130 mA. In the mid-to-
late 1990s, an improved version of the front end, referred to as the version 1.5 front end (FEv1.5),
was designed and installed in four locations: 16-1D, 22-1D, 31-1D, and 32-1D. FEv1.5 exercised value
engineering, improving the components’ manufacturability and raising the heat load limit equivalent
to one undulator A at 150 mA. The detailed thermal analysis of these two types of front ends can
be found in APS technical bulletin TB-50 [1]|. In 2003, driven by having two beams in a single beam
port, a canted undulator front end was designed and installed in three locations: 21-1D, 23-ID,
and 24-1D. All masks and photon shutters for the canted undulator front end were redesigned, and
the heat load limit was raised to 20 kW of total power and 281 kW /mrad? peak power density [2].
In 2004, driven by the requirement to handle the higher heat load from dual inline undulators, a
high-heat-load front end (HHLFE) was designed and installed in 26-ID and 30-ID, which further
raised the heat-load-handling limit to 21 kW total power and 590 kW /mrad? peak power density [3].
In 2009, a modified version of the HHLFE, capable of handling a beam from vertical and circular
polarized undulators, was designed and installed at 29-1D. Between 2010 and 2012, three FEv1.2
and one FEv1.5 front ends were replaced by canted undulator front ends at 12-1D, 13-ID, 16-1D,
and 34-1D. In 2013, driven by the need to improve beam stability and incorporate next-generation
XBPM systems into the front ends, the HHLFE was redesigned. The new HHLFEs were installed
at 27-ID and 35-ID in May 2014. In 2016 the 6-ID front end was changed from FEv1.2 to FEv1.5
to handle higher heat loads. The type of ID front ends that currently exist in the APS storage ring,
along with their heat load capability, are listed in Table 5.2. Except for 25-ID and 28-1D, which are
vacant, all ID ports have front ends.

Table 5.2. Type of existing ID front ends and their heat-load limits

Type of front end FEv1.2 FEv1.5 CUFE HHLFE HHLFE
with GRID
Sector location 1,2,3,4,5, 22,31, 32, 12,13,16,21, 26,29,30 27,35
7,8,9,10,11, 6 23, 24, 34
14,15,17,18,
19,20,33
Total power (kW) 6.9 8.9 20 21 21
Peak power density 198 245 281 590 590
(kW /mrad?)
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Table 5.8. Comparison of heat load of the APS HHLFE with current ring versus APS-U

HHLFE design APS-U APS-U APS-U
parameter with with U27.5 with U30 with SCU18
current APS

Storage ring energy (GeV) 7 6 6 6
Radiation angle 1/ (urad) 73 85 85 85
Design beam current (mA) 180 200 200 200
Undulator minimum magnetic gap (mm) 10.5 8.5 8.5 9.0
Undulator period length (cm) 3.3 2.75 3.0 1.8
Total periods for two 2.4-m undulators (N) 144 172 158 167
Kpear at minimum gap 2.76 2.44 2.92 1.56
Total power (kW) 21.28 19.46 23.43 11.79
Peak power density at second 1193 903 912 843
photon shutter at 22.4 m (W/mm?)

Total power at second photon shutter 14.8 13.1 13.6 10.3

(kW, beam aperture at PS2
is 5.60 x 6.72 mm)

Maximum peak temperature (°C) 218 190 193 176
Maximum von Mises stress (MPa) 369 315 321 286
Cooling wall temperature (°C) 87 79 80 74

For the APS-U, all ID front ends must be able to handle the heat loads from two IDs in either an
inline or a canted configuration. The FEv1.2 and FEv1.5 will not meet the heat load requirement.
In addition, the apertures in these front ends are too large, so these two types of front ends must
be replaced. The low emittance lattice of the APS-U has a higher level of requirement for beam
stability, resulting in the need for better beam diagnostics in front ends. All front ends are required
to be equipped with next-generation XBPMs. The existing design of the masks and photon shutters
in the CUFE and HHLFE will meet the heat load requirement of the APS-U with 200 mA operation.
A preliminary selection of sources have been determined for each beamline. Based on the selection,
the likely choice is to replace the widely used 3.3 ¢cm period undulator (undulator A) with a device
of period between 2.8 cm (U28) and 2.75 cm (U27.5) with a minimum gap of about 8.5 mm. The
power profile of the U27.5 is being used as a benchmark for preliminary thermal design of the front
end components. In addition, two more devices with period of 3.0 cm (U30) and a superconducting
undulator of period 1.8cm (SCU18) are used for the benchmark.The comparison of the power load
and thermal analysis for the photon shutter is shown in Table 5.3.

5-2.3.2 Thermal Design and Failure Criteria

The thermal design criteria have been in existence since the APS was built. The three design criteria
used are listed below in order of importance:

1. The maximum temperature of the cooling wall should not locally exceed the boiling point of
water at the cooling channel water pressure, and thus only single-phase water is allowed. An
APS front end has a typical cooling water header pressure of 130 to 150 psig. The typical
pressure for evaluating water boiling is set at 60 psig, corresponding to a water boiling point
of 153 °C. This is the most important criterion, to ensure that catastrophic failure, such as
thermal burn out, does not occur.

2. The maximum surface temperature, generally occurring at the center of the beam footprint,
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should not exceed 300 °C.

3. The maximum von Mises stress for photon shutters should not exceed 400 MPa, which is the
room temperature yield stress of plate stock GlidCop Al-15. The maximum stress allowed on
fixed masks in the corners at extreme missteering conditions is relatively relaxed because such
missteering cases are very rare. Following this criterion essentially ensures an infinite life for
the device.

Over the past 10 years, efforts have been under way to try to establish fatigue-based criteria. In the
past four years, many GlidCop samples were tested under very high heat loads at an APS beamline
(29-ID). New, more relaxed criteria have been proposed [4]|, which suggest raising the maximum
temperature limit to 375 °C and eliminate the need for stress evaluation for flat surfaces as long as
the peak temperature is below 375 °C. These new criteria are under an internal review and approval
process. The APS-U front end easily meets the original design criteria, however the new criteria
maybe helpful for the front end to be used for very high power SCUs in the future.
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5-2.3.3 High Heat Load Front End (HHLFE)

The new HHLFE for APS-U must have a clearing magnet as far upstream as possible to deflect
the electrons away from the safety shutter’s aperture in the event that the electrons enter the front
end during the swap out injection. In addition, it must have the next generation XBPM system.
For the high heat load front end the next generation XBPM is the Grazing Incidence for Insertion
Devices (GRID) XBPM. The requirements and the design of the clearing magnet and the NG XBPM
system are discussed later in Sections 5-2.4 and 5-2.5. The aperture size and location of the masks
are determined by the need to protect the clearing magnet from synchrotron beam strikes and by
the requirement to provide the full view of the beam profile for the GRID-XBPM. Based on the
proposed undulator sources for the APS-U, the existing HHLFE masks and photon shutters meet
the thermal design criteria. The plan is to use most of the existing component designs; however,
if a mask needs to be redesigned it will have the same thermal handling capacity as the existing
components. The most recent design of the HHLFE with the GRID-XBPM installed in 27-1D and
35-ID will be used as the design base. For value engineering, we plan to harvest and reuse the safety
shutters from the FEv1.2 front ends. The design of the HHLFE is at the final design phase. We
plan to build out one HHLFE early and install it in a vacant port of 28-1D for an R&D beamline.
Procurement of masks has started for the HHLFE for installation in 28-1D.

The HHLFE design layout is shown in Figure 5.2. For a detailed layout and ray tracing drawing,
refer to drawing U2520101-210000. The aperture designs of the masks are determined by the
following factors: In order to protect the clearing magnet from synchrotron radiation strikes, the
first fixed mask and second fixed mask must restrict the beam in both the horizontal and vertical
planes. The inlet aperture of FMI1 remains the same as the current APS ring which is 38(H) x
26(V) mm in anticipation that the APS-U beam missteering will be the same as or less than the
existing APS ring. Details for the beam mistering and the FE requirements are discussed in the
front end FReD document. For the HHLFE a missteering beam envelope of no more than +1.0
mrad(H) x £0.67mrad (V) was used to determine the FM1 inlet aperture at 17 m to be at least
34(H) x 23(V)mm

T;é
Collimator pgy 5518882 Exit BIV

| Mask Exit
XBPM \ Collimator

Clearing
PreMask Magnet

~Wall

Figure 5.2. The HHLFE for APS-U with clearing magnet and the next-generation XBPMs.

The benchmark heat load for the APS-U front end is equivalent to the heat load from two 2.4 m
long, 2.75 cm period undulators at 8.5-mm gap, operating at 6 GeV and 200 mA. This heat load is
less than the heat load of two 3.3 ¢cm period undulator A at 10.5-mm gap at 180 mA in the 7 GeV
ring. Therefore, all of the high heat load components designed for the existing HHLFE will work
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for the future APS-U storage ring. The new masks are also designed to the same standards.

The description of the HHLFE for APS-U from upstream to downstream is as follows:

. Low Power Photon Shutter (LPPS). The function of the LPPS is to protect the slow valve
immediately downstream from the dipole. The LPPS cannot withstand the heat load from
the ID source and when LPPS is closed, the ID gap must be open. The LPPS is an existing
APS design and is currently installed and operating in 27-ID and 35-1D.

. Slow Valve (SV). The function of the SV is to isolate the front end vacuum from the storage
ring vacuum in case there are front end faults during operation. When the SV is commanded
to close, it will dump the stored beam followed by the closure of the LPPS. The storage ring
can resume operation only when the ID gap is verified to be at open position and the LPPS
is closed. The slow valve and LPPS can be used to isolate the front end from the storage ring
and will allow for operation of the storage ring with the ID gap open.

. Premask. The function of the premask is to protect the stainless steel flange of FM1 from the
dipole radiation. the premask has an aperture of 36(H) x 26(V) mm to allow the ID beam to
pass. The premask is an existing APS design.

. First Fixed Mask (FM1). The FM1 is a missteering protection mask. Under normal operating
conditions, the beam will pass right through without touching the mask. FM1 and FM2
together define the required aperture for the GRID XBPM. The inlet aperture of the FM1 is
38(H) x 26(V) mm, which is sufficient to accept a beam missteering cone of £1.0(H) x 0.67(V)
mrad. This is the same aperture used in the current APS ring. The exit aperture of FM1
is 20(H) x 16(V) mm and is determined by the allowed beam incidence angle from thermal
analysis. The FM1 is a new design. The design and thermal analysis will be discussed next.

. Second Fixed Mask (FM2). The FM2 inlet aperture is 24(H) x 20(V) mm, which has a 2 mm
all around overlap with the FM1 exit aperture. The FM2 exit horizontal aperture is defined
by the GRID-XBPM. For proper functionality of the GRID-XBPM, the full beam footprint
is passed through the FM2 exit aperture. Based on the various possible undulator sources, a
9.0-mm exit horizontal aperture is required for the FM2. The GRID-XBPM is not sensitive to
the vertical aperture. So the FM2 vertical aperture is defined by the allowed beam incidence
angle from thermal analysis. The exit aperture of FM2 is 9(H) x 12(V) mm. The FM2 design
is similar to FM1 and the design and thermal analysis will be discussed next.

. Pump support chamber. The only purpose of this chamber is to support a vacuum pump and
allow mounting of vacuum gauges to the chamber. This configuration uses the least amount
of space along the beam to mount the larger size pump. This pump is needed to pump out
FM1, FM2 and clearing magnet.

. Clearing Magnet (CM). The clearing magnet is a device with a rectangular vacuum chamber
of 13(H) x 20(V) mm optical aperture. The magnets are on the inboard and outboard side of
the chamber. It has an 18-mm magnetic gap in the horizontal direction. The magnetic field
can bend the electron beam 6.52 mrad towards the floor. There is a magnetic shield around
the clearing magnet to prevent it from interfering with the nearby storage ring magnets. The
CM will be discussed later in detail in Section 5-2.5.

. Lead Collimator. This is a shielding component. Its construction consists of a square vacuum
tube surrounded by lead. The optical aperture is the tube’s ID and the aperture is designed so
that it can pass the maximum missteered synchrotron beam with at least a 3.0-mm clearance.
The lead aperture is the shielding aperture. It has a 19.5(H) x 19.5(V) mm optical aperture
and 26(H) x 26(V) mm shielding aperture. The collimator design is modified from the existing
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10.

11.

12.

13.

14.

15.

16.

17.

HHLFE collimator design with the aperture changes.

. GRID-XBPM. This is the primary component of the NG XBPM system. [t consists of two

horizontal half magks. The upstream mask collimates the inboard half of the beam and the
downstream mask collimates the outboard half of the beam. The relative position between
the two half masks is fixed at installation so the exit aperture is set at 1.6 mm total in the
horizontal dimension. The GRID masks do not have a vertical aperture. For the upstream
mask, the detector is mounted at the outboard side of the mask to sense the X-ray florescence
created by the inboard mask. For the downstream mask, the detector is mounted at the
inboard side to sense the florescence created by the outboard mask. The horizontal beam
position is detected by comparing the inboard and outboard detector signal. The vertical
position is detected using the pin hole camera principle in the detector. The GRID mask
assembly is mounted to precision slides to allow horizontal movement. The GRID-XBPM will
be discussed in detail later in Section 5-2.4.

Third Fixed Mask (FM3). The function of this mask is to further collimate the synchrotron
beam to protect the photon shutter, safety shutter, wall collimator and exit mask. FM3 has
an inlet aperture of 16(H) x 47(V) mm and an exit aperture of 3.6(H) X 6(V) mm.

Pump Chamber. The function of this chamber is to mount a vacuum pump and valves to
pump out. The vacuum pump is required to pump the section between the FM3 and the PS2.
This is an existing design.

Photon Shutter 2 and Intensity Monitor 1 (PS2/IM1) Assembly. This is the high heat load
photon shutter. It was designed in 2004 and is installed and operational in five sectors. It
pivots horizontally towards the inboard to close the beam. Two intensity monitors are mounted
directly at the upstream and downstream of the shutter to measure the X-ray florescence when
the shutter is closed. The IM1 is a diagnostic tool for alignment of the GRID-XBPM when
the PS2 is closed.

Safety Shutter. This is the existing safety shutter from FEv1.2. As part of value engineering
the Fevl.2 shutters will be reused in the HHLFE. This shutter was originally designed for
undulator /wiggler and is not ideal for HHLFE. Its aperture of 72(H) x 20(V) mm is large and
it will not function as a collimator when it is at open position. This shutter is also longer
along the beam direction so it occupies more floor space. This shutter is expected to be
retrofitted with a new air cylinder as part of APS operations. In addition, due to changes in
the ACIS/PSS, two additional close switches for a total of 4 switches at the closed position will
be installed. A HHLFE safety shutter design is available with 16(H) X 16(V) mm aperture
and installed in five sectors. The decision for reuse of the FEv1.2 safety shutter may be
re-evaluated at a later date.

Wall collimator. This collimator is based on the design of the existing HHLFE wall collimator.
There are five such wall collimators installed at the APS. The wall collimator consists of a
rectangular vacuum tube surrounded by lead. The optical aperture is the vacuum chamber’s
internal aperture and the shield aperture is the nominal lead aperture.

Front End Valve (FEV). This valve isolates the front end components inside the ratchet wall
from the components outside the ratchet wall. Any vacuum fault downstream of this valve
will trigger the FEV to close.

Pump Chamber. this pump chamber was designed to house XBPM2 detectors for the 27-1D
and 35-ID front end. In the new design for the APS-U, the detectors for the XBPM?2 are
directly mounted on the exit mask side port so this chamber acts as a vacuum pump support.
Exit Mask/XBPM2. This is an integrated unit of an exit mask and XBPM2. As an exit
masgk, it is an RSS component with an inlet aperture of 10(H) x 38(V) mm and exit aperture
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of 2(H) x 2(V) mm. The mask consists of two inclined planes forming a “y” shape in the
bottom view. The outboard has the short edge of the “y” and stops 1 mm away from the
beam center plane. The inboard side is the long edge of the “y” and extends far beyond the
beam center plane. There is a slot cut into the long edge of the “y” to allow the beam to pass.
The overlap from the long edge to the short edge is 2 mm. The detectors are mounted on
the side port in the outboard side to detect the florescence generated by the inboard plane.
The angle of the tapered plane is 1.1°, which is the same as the exit mask of the 27-ID so the
thermal handling ability remains the same. The exit aperture of the mask is 2x2 mm. This
mask is a new design.

18. Pump chamber. This is an existing design and supports the vacuum pump.

19. Tungsten collimator. This is a shielding component. This is the existing design as in 27-1D.
It is an in-vacuum tungsten design. Both the optical and shielding aperture are 10(H) x 7(V)
mm.

20. Beamline isolation valve (BIV). BIV is used to isolate front end vacuum from the beamline
vacuum for windowless beamlines. For a beamline with a window, the beamline will terminate
with the Be window or diamond window.

The HHLFE aperture table is shown in Table 5.4.

Table 5.4. HHLFE Components Aperture Table

APS-U HHLFE Distance to center of Aperture Optical Shielding Aperture Comments
Components straight section (m) H (mm)x V (mm) H (mm)x V (mm)
Premask 16.5 36 x 26 Same as 27-ID
First Fixed Mask (FM1) 17.3 38 x 26 (inlet) New design
20 x 16 (outlet)
Second Fixed Mask (FM2) 18.0 24 x 20 (inlet) New design
9 x 12 (outlet)
Clearing Magnet (CM) 18.7 12 x 40 18 x o0 New design
(magnet gap)
Lead Collimator 19.2 19.5x19.5 26 x 26 (PDb) New design
GRID-XBPM 20.0 15.3 x 50 (inlet) New design
1.6 x 50 (outlet)
Third Fixed Mask (FM3) 21.3 16 x 47.8 (inlet) Same as 27-ID
3.6 x 6 (outlet)
Photon Shutter (PS) 224 10 x 47.8 (inlet) Same as 27-ID
5 x 47.8 (outlet)
Safety Shutter (SS) 22.9 72 x 20 72 x 20 (W) Reuse FEv1.2
Wall Collimator 23.6 27 x 17 37 x 26 (Pb) Same as 27-ID
(upstream concrete)
Exit Mask (EM)/XBPM2  25.6 10 x 38 (inlet) New design
2 x 2 (outlet)
Exit Collimator 26.2 10x7 10 x 7 (W) Same as 27-ID

A retrofit must be performed on the older versions of the HHLFE at locations 26-1D, 27-1D, 29-1D,
30-ID, and 35-ID to place a clearing magnet and have next-generation XBPMs. In these front ends,
the photon shutter, safety shutter, some magks, and most shielding components and vacuum pumps
can be harvested and reused.
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Thermal Analysis There are five high heat load components in the HHLFE subject to the ID
beam. They are FM1, FM2, FM3, PS2, and Exit Mask. For the current APS 7 GeV ring, the
bench mark heat load is two 3.3 ¢m period undulators at 10.5-mm gap at 180 mA. For the APS-U
ring, the bench mark heat load is two 2.75 cm period undulators at 8.5-mm gap at 200 mA. Two
ID sources will be used for the analysis:

1. For initial installation at 7 GeV ring, two 2.4 m long U33 at 180 mA at 10.5-mm gap (k=2.76,
N=144, v=13700)
2. For APS-U ring at 6 GeV, two U27.5 at 200 mA at 8.5 mm gap (k=2.44, N=172, v=11743)

For each component, the heat load will be calculated as power density distribution and fit into a
Gaussian formula and applied to the component. For the FM1 and FM2, the material is GlidCop,
the beam center location will simulate the vertical, horizontal, and corner beam missteering, and
at these missteering locations, the maximum power is absorbed into the mask’s top surface, side
surface, and corner, respectively. All calculations used the convective cooling coefficient of 0.015
W /mm? °C for all the cooling channels. This cooling coefficient is easily achievable with wire coil
inserts which induce turbulence in the cooling channel. All APS HHLFE and CUFE components
have wire coil inserts to enhance the heat transfer coefficient. The cooling water temperature is
25.6 °C. The summary of the FM1 thermal analysis data is shown in Table 5.5 and the maximum
temperature of beam vertical missteering for APS-U is shown in Figure 5.3.

Table 5.5. Thermal analysis summary of FM1

ID Source 7 GeV U33, k=2.76, N=144, 180 mA 6 GeV U27.5, k=2.44 N=172, 200 mA

Distance to source 17.0 m 17.0 m

Total power seen by FM1 21135 Watts 18781 Watts

Peak normal incidence 2071 W/mm” 1581 W/mm”

power density

Beam missteering Case 1 Case 2 Case 8 Case 1 Case2 Case8
vertical — horizontal  corner vertical — horizontal  corner

Beam center coordinates [0,10.5] [14.5,0] [13.9, 9.9] [0,10.5] [14.5,0] [13.9, 9.9]

[x,y] mm

Beam incidence angle 0.48° 0.86° Vary 0.48° 0.86° Vary

Peak incidence power 17.35 31.08 35.41 13.24 23.73 27.03

density (W/mm?)

Tmax (°C) 300.0 243.1 265.0 240.6 209.4 222.0

Tyan (°C) 133.0 85.0 106.8 110.6 77.3 93.8

Max. ovm (Mpa) 528.5 425.2 571.4 414.5 358.1 471.1

The thermal analysis of FM2 is very similar to the FM1 and the result summary is shown in Table
5.6. The stress plot of the beam corner missteering with APS-U source is shown in Figure 5.4.

As seen from the results table, for the APS-U source at 200 mA, the peak temperature is well below
300°C under all cases for both FM1 and FM2. For the missteering masks, the stress slightly above
the yield stress is not a concern because these missteering cases are very rare and being slightly
above yield stress will not affect the component service life.

The FM3 was first designed and installed at 27-ID and 35-ID front end. Thermal analysis was
completed at the time of the component design for the APS 7 GeV ring with two U33 at 10.5-
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Figure 5.83. FM1 temperature distribution with APS-U
source of two U27.5 at 200 mA at vertical beam missteering.

Table 5.6. Thermal analysis summary of FM2

ID Source 7 GeV U33, k=2.76, N=144, 180 mA 6 GeV U27.5, k=2.44 N=172, 200 mA

Distance to source 17.7 m 17.7 m

Total power seen by FM2 21280 Watts 18530 Watts

Peak normal incidence 1910 W/mm? 1469 W/mm?”

power density

Beam missteering Case 1 Case 2 Case 3 Case 1 Case2 Case3
vertical — horizontal  corner vertical — horizontal  corner

Beam center coordinates  [0,8] [8.35,0] [7.7,7.4] [0,8] [8.35,0] [7.7,7.4]

[x,y] mm

Beam incidence angle 0.48° 0.86° Vary 0.48° 0.86° Vary

Peak incidence power 15.33 28.67 29.97 11.79 22.05 23.03

density (W/mm?)

Tmax (°C) 255.1 222.8 242.6 205.9 188.7 201.6

Tyan (°C) 100.1 75.6 96.2 84.5 68.2 83.9

Max. ovm (Mpa) 448.2 390.8 551.6 353.4 324.9 452.1
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Figure 5.4. FM2 von Mises stress with APS-U source
of two U27.5 at 200 mA at beam corner missteering.
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mm gap at 180 mA. The thermal analysis report was generated and is in ICMS as APS 1431811.
Compared to 27-1D and 35-1D, the FM3 installation location for the new APS-U HHLFE is moved
downstream by 1.0 m. It will be at 20.8 m instead of at 19.8 m. There is no need to redo the
analysis since the heat load is decreased.

The photon shutter (PS2) was designed in 2004 when the first HHLFE was designed. Thermal
analysis was completed at that time for APS 7 GeV ring with two U33 at 10.5-mm gap at 180 mA.
This photon shutter is currently installed in five sectors, and the thermal analysis is referenced in
the design report in ICMS as APS 1001198. The heat load for APS-U with U27.5 at 200 mA is
less than that of APS 7 GeV two U33 at 180 mA. The installation location is the same so there is
no need to redo the analysis.

The exit mask is a new component and is now integrated with detectors to function as a XBPM2.
The exit mask is made by brazing two GlidCop halves. The taper angle is 1.1° which is the same
as all other exit masks. The inlet aperture is 10(H) x 38(V) mm and the exit aperture is 2(H) x
2(V) mm. The detectors are mounted at the side port of the exit mask. Beam intercepted by the
inboard side will generate signals to be read by the detector on the outboard side. The top sectional
view of the exit mask is shown in Figure 5.5.

Glidcop Scattering
Beam surface
2 mm

T A A M A TS )

P P TP R PP T U O Uk YA UV POV 0V T A U A A RS

Double One Side
Taper Taper Overlap

Figure 5.5. Top sectional view of the exit mask at the mid plane.

Two cases are analyzed: one with the beam center at the center of the aperture, allowing the center
of the beam to pass through the aperture. This represents the normal operating conditions. The
second case is when beam is missteered by [1,1], which places the center of the beam at the corner of
the aperture. The results are tabulated in Table 5.7. And the temperature plot is shown in Figure
5.6.

Front End Interfaces The interface to the storage ring and to the beamline will be described in
this section. The front end aperture opening must be able to accept a beam missteering envelope of
+1.0 mrad horizontal and 4+0.67 mrad vertical as specified in the FReD. The front end FMI inlet
aperture size of 38(H) x 26(V) mm satisfies that requirement.

The front end exit aperture will be 2(H) x 2(V) mm as default. This aperture is sufficient to pass
the central cone of the beam. The front end will end with a BIV for windowless beamlines and end
with a diamond window for beamlines that require a window.
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Table 5.7. Thermal analysis results for exit mask.

ID Source 7 GeV U33, k=2.76, N=144, 180 mA 6 GeV U27.5, k=2.44 N=172, 200 mA
Distance to source 253 m 253 m
Upstream aperture and 3.6 x6.0@21.3m 3.6 x6.0@21.3m
location
Total power seen by exit mask 10772 Watts 9430 Watts
Peak normal incidence 935 W/mm” 714 W/mm”
power density
Beam missteering Case 1 Case 2 Case 1 Case2

no missteering  missteering no missteering  missteering
Beam center coordinates [0,0] [1,1] [0,0] [1,1]
[x,y] mm
Beam incidence angle 1.1°(H) 1.1°(H) 1.1°(H) 1.1°(H)
Total power absorbed 8791 11186 8088 9894
by the exit mask (W)
Peak incidence power 17.95 17.95 13.70 13.70
density (W/mm?)
Tmax (°C) 204.0 228.4 177.4 201.1
Twan (°C) 70.0 77.2 63.9 71.4
Max. ovm (Mpa) 289.7 330.7 247.2 278.7

#:Sourcelcasel
Type: Temperature
Unk oC.
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Figure 5.6. Temperature plot of exit mask with APS 7 GeV source when beam is missteered.

000 s0.00 80,00 (o)
]

.00 .00

Advanced Photon Source Upgrade Project



Front Ends and Insertion Devices * Page 5-15

The front end vacuum interface to the storage ring will be the slow valve (SV).

The interfaces between the front end and the storage ring are addressed in the front end interface
documents. The interfaces to each of the ID beamlines are addressed in the beamline to ID and
Front End interface documents.
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5-2.3.4 Canted Undulators Front End(CUFE)

The CUFE is designed to deliver two undulator beams with 1.0 mrad angle between them in the
horizontal plane. Similar to the HHLFE, the new CUFE for APS-U must have a clearing magnet
as far upstream as possible to deflect the electrons away from the safety shutter’s aperture in the
event the electrons enter the front end during the swap out injection. In addition, it must have the
next generation XBPM system. The requirements and the design of the NG XBPM system and
the clearing magnet are discussed later in Sections 5-2.4 and 5-2.5. The aperture size and location
of the masks are determined by the need to protect the clearing magnet from synchrotron beam
strikes and to provide adequate aperturing for the NG-XBPM. For the thermal design, the existing
CUFE masks and photon shutters meets the thermal design criteria of the APS-U for nearly all
anticipated undulators. There are currently seven existing canted undulator front ends installed at
the APS. They are at locations 12-1D, 13-ID, 16-ID, 21-ID, 23-ID, 24-ID, and 34-ID. The plan is to
use most of the existing component designs; however, if a mask needs to be redesigned it will have
the same thermal handling capacity as the existing components. The CUFE design layout is shown
in Figure 5.7.

WALL COLLIMATOR

LPPS SAFETY SHUTTER FEV EXIT COLLIMATOR

FM2 LEAD COLLIMATOR
PREMASK M1 / CLEARING MAGNET

EXIT MASK

Figure 5.7. Canted undulator front end with next-generation XBPMs and clearing magnet.

The FM1 and FM2 use existing design, and the aperture contains both the beams from the two
canted undulator sources. The FM2 has an exit aperture of 26(H) x 5(V) mm and will be used to
protect the clearing magnet. Due to the large horizontal aperture and small vertical aperture of FM2,
the clearing magnet is orientated to use the vertical plane for the magnet gap and bend the beam
inboard. The schematic of the clearing magnet is shown in Figure 5.26 for the required deflection
angle. The FM3 is a splitter mask, and it has dual apertures separated by 1.0 mrad to ensure that
the XBPM design has the maximum flexibility to prevent beam cross talking. The photon shutter
and safety shutter are existing designs. For the next generation XBPM two possible options are in
the process of being explored. Figure 5.7 shows a GRID-XBPM similar to the HHLFE but rotated
90° with detectors on top and bottom. The other option currently under R&D is based on Compton
scattering and is discussed in Section 5-2.4.5. Compton XBPM is more compact in space than the
GRID-XBPM. The space reserved in the layout is sufficient for both the GRID-XBPM and the
Compton XBPM.

The benchmark heat load for the canted APS-U front end is equivalent to the heat load from two
2.1 m long, 2.75 cm period undulators with 8.5-mm gaps, operating at 6 GeV and 200 mA at 1.0
mrad canting angle. This heat load is less than the heat load of two 2.1 m long 3.3 cm period
undulator A’s at 10.5-mm gap at 200 mA in the 7 GeV ring, which the original CUFE was designed
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for. Therefore, all of the photon components designed for the existing CUFE will work for the future
APS-U storage ring. The new masks are also designed to the same standards.

Similar to the HHLFE, the existing CUFEs at locations 12-1D, 13-1D, 16-1D, 21-1D, 23-ID, 24-1D,
and 34-ID must be retrofitted to replace the photo emission style XBPMs with next-generation
XBPMs and the clearing magnet. Components such as photon shutters, safety shutters, some
masks, and all shielding components, some vacuum pumps, and valves can be harvested and reused.

The CUFE components description from upstream to downstream as follows:

1. Low Power Photon Shutter (LPPS). The function of the LPPS is to protect the slow valve
immediately downstream from the dipole. The LPPS cannot withstand the heat load from
the ID source and when LPPS is closed, the ID gap must be open. The LPPS is an existing
APS design and is the same as used in HHLFE and is currently installed and operating in
27-1D and 35-1D.

2. Slow Valve (SV). The function of the SV is to isolate the front end vacuum from the storage
ring vacuum in case there are front end faults during operation. When the SV is commanded
to close, it will dump the stored beam followed by the closure of the LPPS. The storage ring
can resume operation only when the ID gap is verified to be at open position and the LPPS
is closed. The slow valve and LPPS can be used to isolate the front end from the storage ring
and will allow for operation of the storage ring with the ID gap open.

3. Premask. The function of the premask is to protect the stainless steel flange of FM1 from the
dipole radiation. The premask has an aperture of 62(H) x 26(V) mm to allow the ID beam
to pass. The horizontal aperture of the premask is smaller than the FM1 horizontal aperture.
This premask is a new design due to the existing premask has an asymmetric aperture.

4. First Fixed Mask (FM1). This is an existing design. The FM1 is a missteering mask. Under
normal operating condition, the beam will pass right through without touching the mask.
FM1 aperture allows both beams to pass through. The inlet aperture of the FM1 is 64(H) x
26(V) mm which is sufficient to accept a beam missteering cone of £1.67(H) x 0.67(V) mrad.
The exit aperture is 40(H) x 14(V) mm.

5. Second Fixed Mask (FM2). This is an existing design. FM2 aperture allows both beams to
pass through. The FM2 exit aperture is 26(H) x 5(V) mm. The vertical aperture of 5 mm
will be used to protect the clearing magnet.

6. Clearing Magnet (CM). The clearing magnet is a device with a rectangular vacuum chamber
of 40(H) x 9(V) mm optical aperture. The magnets are on the top and bottom side of the
chamber. It has an 16-mm vertical magnetic gap. The magnetic field can bend the electron
beam 13.5 mrad towards the inboard. There is a magnetic shield around the clearing magnet
to prevent it from interfering with the nearby storage ring magnets. The CM will be discussed
later in detail in Section 5-2.5.

7. Pump support chamber. The only purpose of this chamber is to support a vacuum pump and
allow mounting of vacuum gauges to the chamber. This configuration use the least amount of
space along the beam to mount the large size pump. This pump is needed to pump out FMI,
FM2 and clearing magnet.

8. Lead Collimator. This is a shielding component and is an existing design. Its construction
consists of a rectangular vacuum tube surrounded by lead. The optical aperture is the tube’s
ID and the aperture is designed so that it can pass the maximum missteered synchrotron
beam with at least a 3.0-mm clearance. The lead aperture is the shielding aperture. It has a
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

40(H) x 16(V) mm optical aperture and 46(H) x 22(V) mm shielding aperture.

. Third Fixed Mask (FM3). This mask is a new design. It is a splitter mask,and has dual

aperture that is one mrad apart. The mask must be installed at the exact location in order to
function properly. If for some reason the canting magnet does not separate the beams by 1.0
mrad, the beam will be absorbed by the FM3. The FM3 provides thermal protection to the
PS2 and exit mask. It also offers flexibility to the XBPM design. The FM3 beam splitter will
allow a divider to be installed in the XBPM to prevent cross talk without the divider being
exposed to the synchrotron beam. The vertical aperture of the FM3 must be 4 mm or less
in order to reuse the existing PS2 and exit mask. The horizontal aperture is flexible and the
current choice is dual 8x4 mm to allow the maximum beam pass.

NG-XBPM. This is a space holder at this time. The downselection of the XBPM for the
canted undulator front end will be made after the completion of the R& D. The XBPM will
be discussed later in Section 5-2.4.

Pump Chamber. The function of this chamber is to mount a vacuum pump and may be
used to house intensity monitor detectors. The vacuum pump is required to pump the section
between the XBPM and the PS2.

Photon Shutter2 (PS2). This is an existing design. The photon shutter pivots down to close.
Safety Shutter. This is an existing design. However, a small modification is needed to have
four closed switch mounted on the shutters.

Wall Collimator. This is an existing design. There are seven such wall collimators installed
at the APS. The wall collimator consists of a rectangular vacuum tube surrounded by lead.
The optical aperture is the vacuum chamber’s internal aperture and the shield aperture is the
nominal lead aperture.

Front End Valve (FEV). This valve isolates the front end components inside the ratchet wall
from the components outside the ratchet wall. Any vacuum fault downstream of this valve
will trigger the FEV to close.

Pump Chamber. This pump chamber was designed to house XBPM2 detectors. The decision
whether to integrate the exit mask with the XBPM2 detector has not been made. The
assumption is the fluorescence generated by the exit mask will be used by detectors inside this
pump chamber.

Exit mask. This is an existing design. This mask is a splitter mask, and it has dual exit
aperture of 3x2 mm and is 1.0 mrad apart.

Pump chamber. This is an existing design and supports the vacuum pump.

Tungsten Collimator. This is a shielding component. This is a new design because the existing
design uses tungsten and lead combination and is difficult to fabricate and takes much space
along the beam. This is an in-vacuum tungsten design. It has a dual exit aperture of 7x6 mm.
Beamline isolation valve (BIV). BIV is used to isolate front end vacuum from the beamline
vacuum for windowless beamlines. For a beamline with a window, the beamline will terminate
with the Be window or diamond window.

The APS-U CUFE aperture table is shown in Table 5.8.
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Table 5.8. APS-U CUFE Components Aperture Table

APS-U CUFE Distance to center of Aperture Optical Shielding Aperture ~Comments

Components straight section (m) H (mm) x V (mm) H (mm) x V (mm)

Premask 16.5 62 x 26 New design

First Fixed Mask (FM1) 17.3 64 x 26 (inlet) Existing design
40 x 14 (outlet)

Second Fixed Mask (FM2) 18.0 46 x 17 (inlet) Existing design
26 x 5 (outlet)

Clearing Magnet (CM) 18.6 40x9 oo x 16 New design
(magnet gap)

Lead Collimator 19.3 40 x 16 46 x 22 (Pb) Existing design

Third Fixed Mask (FM3) 20.2 50 x 10 (inlet) New design
Dual 8 x 4 (outlet)

NG-XBPM 20.9 TBD New design

Photon Shutter (PS) 22.7 50 x 10 (inlet) Existing design
50 x 5 (outlet)

Safety Shutter (SS) 23.1 50 x 16 50 x 16 (W) Existing design

Wall Collimator 23.5 47.6 x 16.8 56 x 26 (Pb) Existing design

(upstream concrete)

Exit Mask (EM) 25.6 50 x 9 (inlet) Existing design
Dual 3 x 2 (outlet)

Exit Collimator 26.1 Dual 7x 6 Dual 7 x 6 (W) Existing design
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5-2.3.5 BM Front End

There are a total of 23 BM front ends at the APS. All of them, except for the three front ends at
11-BM, 23-BM, and 24-BM, are the original BM front ends, as shown in Figure 5.8. The BM front
ends at 11-BM, 23-BM, and 24-BM are a newer style and were designed in 2003. Many components
in the newer BM front ends have been redesigned to make them more compact, and the locations
and apertures of masks are different compared to those of the original front ends. Currently three
locations at 15-BM, 18-BM, and 34-BM have front ends but no beamlines. The initial plan is to
upgrade the original 20 front ends for the 20 beamlines and use the newer BM front ends for future
BM beamlines.

SAFETY SHUTTER
SECOND PHOTON SHUTTER
/

CONNECTION TO SR VALVE FIRST PHOTON SHUTTER
/

THIRD FIXED MASK
FIRST FIXED MASK SECOND FIXED MASK
FIRST XBPM SECOND XBPM

FIRST COLLIMATOR

SECOND COLLIMATOR WALL COLLIMATOR

Figure 5.8. APS original BM front end layout.

The original BM front ends were designed for the 7 GeV machine operating at 300 mA. Most BM
front ends terminate in double beryllium windows and allow a 6-mrad horizontal fan of BM radiation
to pass through the front end. For the APS-U, at the time of CDR, a 3 pole wiggler (3PW) was
considered to be the BM source. Based on the space and the usability of the 3PW radiation, the
planned use of the 3PW has been dropped. So the bending magnet beamline source for the APS-U
will be a combination of M3, Q8, and M4, as shown in Figure 5.9.

M4 EA2 Absorber FM1

A
| » :
/ I BEAM TO BMFE 6.9 mrad 5.2 mrad

Tt

M3 = ca1 Absorber

Figure 5.9. APS-U bending magnet sources.

Compared to the APS 7 GeV BM sources, the APS-U BM source point has shifted upstream by
2.929 m and the centerline of the BM front end will be shifted inboard by 43.6 mm. The heat load
comparison of the new source versus the original 7 GeV source is tabulated in Table 5.9.

As shown in Table 5.9, both the total power and peak power density for the APS-U are less than
those of the current 7 GeV dipoles. The existing BM front end can handle the combined heat load
from M4+M3+Q8. No thermal analysis is necessary for the existing masks and shutters.

The plan to upgrade the APS BM front end is to fit a clearing magnet in as far upstream a position
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Table 5.9. Comparison of heat load of APS 7 GeV dipole BM with APS-U BM sources

Parameters APS Now APS-U APS-U APS-U APS-U
Magnets BM M/ M8 Q8 M4+M3+Q8
Dipole upstream  downstream (outboard)

M3 (inboard)

Machine energy (GeV) 7 6 6 6 6

Ring current (mA) 300 200 200 200 200

Critical energy (keV)  19.6 15.872 16.232 4.357 N/A

Peak field (T) 0.6 0.663 0.678 0.182 N/A

Total power per mrad  260.5 239

horizontal fan (W)

Total power entering 1860 315 322 86 1045

front end (W) (7.1 mrad) (723 outboard)
(322 inboard)

Peak power density 2.342 0.937 0.958 0.256 2.151

(kW /mrad?)

as possible while preserving the current layout. The two photo emission XBPMs are planned to be
used as is, mechanically, and only upgrade the XBPM electronics. The clearing magnet location
is planned to be just downstream of the FM1. The existing FM1, which has a very large vertical
aperture of 18 mm, will be replaced by a new design with a 4-mm vertical aperture with the same
length as the original FM1. The inlet aperture of the new FM1 will remain the same as the existing
FM1 and the exit aperture will change from 60(H) x 18(V) mm to 60(H) x 4(V) mm. The new FM1
design and thermal analysis will be discussed next. The wall collimator will be replaced due to the
horizontal shift and there is a plan to replace the original lead shots with lead bricks. The rest of
the BM components will remain the same and will be harvested and reinstalled at the installation
shut down. The BM front end will retain the storage ring exit valve (SRV) and operate with the
current EPS and PSS logic with two photon shutters and two safety shutters. The shift of the BM
source point upstream by 2.929 m and the the fixed mask apertures remaining the same, the fan
that passes through the BM front end will be 5.2 mrad instead of 6.0 mrad in the original design.
The new BMFE layout with the clearing magnet is shown in Figure 5.10. The clearing magnet
specification will be discussed later in Section 5-2.5 The BMFE aperture table is shown in Table
5.10.

SAFETY SHUTTER
WALL COLLIMATOR

FIRST PHOTON SHUTTER SECOND PHOTON SHUTTER
CONNECTION TO SR VALVE CLEARING MAGNET
THIRD FIXED MASK

SR VALVE FIRST FIXED MASK SECOND FIXED MASK
SECOND XBPM

FIRST COLLIMATOR SECOND COLLIMATOR

Figure 5.10. The APS-U BM front end layout. The clearing
magnet is added and the FM1 is replaced with o new design.

For the description of the existing BM components, refer TB-5 Functional Description of APS
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Table 5.10. APS-U BM front end aperture table

Component Distance from Optical Aperture Shielding Aperture Comments
Source [m] [mm x mm] [mm x mm)]
First Fixed Mask (FM1) 12.2 129 x 30 (inlet) New design
60 x 4 (outlet)
Clearing Magnet(CM) 12.8 73 x 10 New design
XBPM1 13.9 90 x 24 Reuse
Second Fixed Mask (FM2) 16.7 110 x 36 (inlet) Reuse
84 x 12 (outlet)
Photon Shutter (PS1) 17.0 124 x 22 Reuse
First Collimator 17.3 92 x 20 98 x 27 (Pb) Reuse
XBPM2 20.9 125 x 18 Reuse
Third Fixed Mask (FM3) 21.5 125 x 20 (inlet) Reuse
111 x 5 (outlet)
Photon Shutter (PS2) 21.8 124 x 22 Reuse
Second Collimator 221 122 x 20 129 x 27 (PDb) Reuse
Safety Shutter (SS) 22.9 132 x 20 132 x 20 (W) Reuse
Wall Collimator 23.5 138 x 20 145 x 26 (PDb) Existing design
(upstream wall)
Be window 24.9 145 x 12 Reuse

A: Steady-State Thermal
Type: Temperature
Unit: *C
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Figure 5.11. New APS-U FM1 temperature plot (dis-
tance from source 12.08 m, total power 1324 Walts).
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Beamline Front Ends.

The new FM1 is made from OFHC copper with an inlet aperture of 129(H) x 30(V) mm and 60(H)
x 4(V) mm exit. It intercepts a total of 6.9 mrad horizontal fan with M4+M3+Q8 in the outboard
and M3 in the inboard. The maximum temperature is shown in Figure 5.11.
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5-2.4 X-ray Beam Position Monitors

The x-ray beam position monitor (XBPM) plays an important role in maintaining the angular
stability of the x-ray beams entering the user beamline. The XBPM fills a significant blind spot
left by the RFBPM: the field error steers the electron trajectory inside the undulators, making the
x-ray beam axis different from the straight line defined by the RFBPMs outside of the undulator.
Furthermore, the temperature change and ground motion of the ring will move the storage ring
chamber and the REBPMs around, dragging the x-ray beam along with them. The XBPM monitors
beam motion at locations near the user beamline and enables the long-term x-ray beam stability to
be maintained.

5-2.4.1 Technical Specifications

Table 5.11 lists the e-beam stability requirements for the APS-U (see Chapter 4, Section 4.3.8.5,
Beam-Size Monitors). In the most favorable case, beam motion in position and angle is uncorrelated,
and the x-ray beam motion is derived at the first XBPM, 20 m from the source (Table 5.12). If the
requirements are partitioned equally between the feedback system and the position detectors, the
derived resolution requirements for the XBPM are listed in the last two columns of Table 5.12.

Table 5.11. Beam stability requirements for APS-U lattice (RMS)*

AC motion (0.01-1000 Hz) Long-term drift (7 days)
Position (um) Angle (urad) Position (um) Angle (prad)

Horizontal 1.7 0.25 1 0.6

Vertical 0.4 0.17 1 0.5

* Beam stability requirements are based on 10% of beam sizes.

Table 5.12. Beam stability requirements at the XBPM (7 = 20.0 m)

Total beam motion (um) XBPM resolution specifications* (um)

AC Long-term AC Long-term
Horizontal 4.9 11.1 3.5 7.9
Vertical 3.2 9.3 2.2 6.6

* XBPM resolution is 70% of the beam stability requirement.

5-2.4.2 Rationale for Next-Generation X-ray Beam Position Monitors

At first glance, sub-micron resolution RFBPMs should be able to stabilize the e-beam source in
both the position and angle, as specified in Table 5.11. However, because of imperfections in the
undulator field, especially in the end sections, the e-beam position at the two end points of the ID
chamber is not a very reliable measurement of x-ray beam position and angle. Figure 5.12 shows the
calculated electron trajectory through a typical APS undulator, based on magnetic measurement
data. The x-ray beam source location and angle differ from those predicted by the electron beam
measurements (at the location of the RFBPM) by about 10 pm in position and 5 prad in angle for
the horizontal plane. To make the situation worse, as a function of the undulator gap, the vertical
plane behaves similar to the horizontal plane. The bottom panel of Figure 5.13 shows measurements
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performed with two undulators in 29-ID, closing their gaps one at a time. When the RFBPMs are
used to control e-beam positions, steering by the two undulators causes the monochromatic beam
positions to differ by 100+ pum at the beamline slits, 25 m from the source. The top panel of Figure
5.13 shows the same measurements, however using the GRID XBPM to to position the electron
beam.
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