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ABSTRACT 

In the first phase of construction, sixteen insertion device beamline front 

ends and sixteen bending magnet beamline front ends will be built by 1995 for the 

Advanced Photon Source (APS). Designs for these front ends have been 

completed. In this paper, the particular designs and specifications as well as the 

optical and bremsstrahlung ray-tracing analysis for the APS front ends are 

presented. 

1. Introduction 

The 7-GeV Advanced Photon Source (APS) now under construction at 

Argonne National Laboratory is one of a new generation of synchrotron radiation 

sources, which have presented a multitude of design challenges in the beamline 

front ends. The design solutions have led to  many novel and advanced features 

such as enhanced heat transfer concepts in the fixed masks and the photon 

shutters, an integral UHV collimator/safety shutter design, a submicron-resolution 

beam position monitor for the beam stabilization feedback system, and minimal 



beam filtering concepts t o  deliver maximized beam power and spectra to the 

experimental stations. 

From the beginning of  1991 until the present time, following the completion 

of the APS front end conceptual design [ll, a series of standardized front end 

components and supports were designed and reviewed [21[31. Prototypes of the 

key elements, such as high heat flux photon absorber and beam position monitor 

were built and tested [4][51. A t  the same time, the general layout design for the 

APS front ends was also being finalized for a -construction version. Optical 

apertures in the front ends have been studied by the ray-tracing program 

SHADOW [6] under various particle beam missteering conditions. The optical ray- 

tracing also helps in the study of  the various photon desorption outgassing 

conditions in the front end vacuum system [7]. To optimize the front end radiation 

shielding design, a bremsstrahlung radiation ray-tracing study has also been done. 

In the first phase of construction, sixteen insertion device (ID) beamline 

front ends and sixteen bending magnet (BM) beamline front ends will be built by 

1995. These front ends will be operated at 7-GeV and 100-mA positron beam 

current. 

2. Beamline Front Ends for APS Insertion Device (ID) Sources 

For the first phase of  construction, two  typical insertion devices will be 

installed: (1) a 2.4-meter-long 3.3-cm period Undulator A, which, at  a closed gap 

of 11.5 mm, will provide 3.8-kW total power with 469 W/mm2 peak heat flux at 

the location of the first photon shutter, and (2) a 2.4-meter-long 8.5-cm period 

Wiggler A, which, at  a closed gap of  21 mm, will generate 7.4 kW total power 

with 223 W/mm2 peak heat flux at the location of the first photon shutter[81[91. 

Figure 1 shows the APS ID front end functional schematic: t w o  fixed masks 



confine the photon beam and protect the downstream components from a 

missteered beam. Two "hockey-stick" style high-heat-flux photon shutters 

intercept the photon beam and protect the safety shutters and vacuum valves 

from any thermal load. Two lead collimators and t w o  tungsten safety shutters 

provide radiation protection in the downstream experimental area. The photo- 

electron emission signals from two photon beam position monitors are fed back 

into the storage ring orbit control system to stabilize the photon beam. A set of 

filters and windows or a differential pumping system isolate the beamline vacuum 

from the front end vacuum. Figure 1 (a) presents the set points for the APS front 

end vacuum protection system. 

Photon shutter 2 and the safety shutters are major front end components 

that are operated by the user to  control the beam. Photon shutter 2 is also backed 

up by photon shutter 1 t o  provide redundancy in personal safety. In the design for 

the second phase of operations, photon shutter 1 is planned to act as a fast 

shutter that can stop the high-heat-flux photon beam thus protecting the fast valve 

and the slow valve without the need to dump the particle beam. 

There have been several major design changes from the conceptual version 

t o  the final construction version for the APS insertion device (ID) front end. As 

shown in Fig. 2, the first fixed mask and photon shutter 1 now share the same 

support table t o  simplify the alignment. The first lead collimator is n o w  mounted 

together with the slow and the fast valve. In the process, the fixed mask apertures 

were adjusted t o  suit these changes. Figure 3 shows the present APS ID front end 

optical aperture design with maximum wiggler beam missteering, in which the 

origin of the wiggler beam is assumed to be at the origin of the ID straight section. 

For reasons of economy, we have also designed two  special components (a 

first fixed mask and a second photon beam position monitor) for those front ends 

that will only use undulators as their insertion devices. In these cases, the first 



fixed mask and the second photon beam position monitor have smaller horizontal 

apertures. Figure 4 shows the optical aperture design for undulator-only front 

ends. 

In the first phase of APS construction, the window will be used only for the 

wiggler front ends. The 'undulator or undulator/wiggler compatible front ends are 

designed t o  operate in a windowless configuration. An APS prototype differential 

pumping system with 78 mm X 14 mm aperture has been designed and tested. It 

has achieved nearly a three decade vacuum pressure difference. Figure 5 shows 

the APS ID front end general layout in the windowless mode. 

To optimize the front end bremsstrahlung radiation shielding in a limited 

space, an integral safety shutter/collimator has been designed, and a prototype 

has been built [IO]. The shutter block, made of special UHV-compatible 

machinable tungsten alloy, consists of t w o  parts. The smaller upper part is raised 

and lowered into the fixed lower part t o  provide collimation in the raised position 

and complete shuttering in the lowered position, respectively. The bremsstrahlung 

radiation ray-tracing schematic for the APS ID front end is shown in Fig. 6. 

The support system for the APS ID front end is standardized. In the ID front 

end, there are three motorized support tables: two  adjustable tables with three 

motions for photon beam position monitors and one adjustable table with five 

motions for the second fixed mask and photon shutter. The other tables are 

manually adjustable with mechanical counters. Fiducial holes, as well as reference 

surfaces, are provided in table constructions to  simplify the alignment process 

using a laser system. 

3. Beamline Front Ends for the APS Bending Magnet (BM) Sources 

The APS BM front ends are designed in such a way that the photon shutters 



and fixed masks can tolerate large thermal loads and heat fluxes far exceeding 

even those produced during future operations at 300-mA current of the 7-GeV ring 

1111. In this final construction version, an extra fixed mask was arranged on the 

BM front end at about nine meters from the source to  accept a large horizontal 

beam missteering (up t o  14 mrad total), which is required by the storage ring in 

the early phases of  the operation. Otherwise, the BM front end is designed t o  

deliver a 6-mrad total horizontal radiation fan to the users (about 1.5 k W  total 

photon beam power at 7 GeV, 300 mA). 

As is seen in Fig. 7, the funtion and operation o f  the BM front end is similar 

t o  that of  the ID front end. Figure 8 shows the APS BM front end general layout. 

To reduce the downstream horizontal bremsstrahlung radiation fan, t w o  lead 

shielding blocks are located on the inboard side of the delay line and the second 

photon shutter. 

4. Discussion 

Designs for the t w o  standard front ends, one for ID beamlines and another for 

BM beamlines, for the first phase of the APS project have been completed. At the 

time of  this report, the components for these front ends are in the procurement 

process. These designs have incorporated novel features to  handle the highest 

heat flux imposed on components by the brightest x-ray source built in the world 

to  date. Use of grazing angle geometry in fixed masks and photon shutters 

coupled with a unique heat transfer technique and extensive use of Glid-Cop 

copper on beam exposed surfaces can meet the severe thermo-mechanical 

problems in these components. In the beam position monitors, the use of  diamond 

material has solved the thermal problem of the blades while maintaining the 

required precision. The windowless operation afforded by a specially designed 



differential pump on the front end obviates the thermal problems of filters and 

windows under a closed-gap undulator beam that imposes better than 300 

W/mm2 heat flux on these components. 

While the first phase problems of  the APS beamline front ends have been 

adequately addressed as’ outlined above, there are looming engineering challenges 

in the second phase front end designs. For instance, in the second phase, a 4.8- 

meter-long 3.3-cm period Undulator A operating at 250 mA, 7.5 GeV will provide 

22.8-kW total power with 2.8 kW/mm2 peak heat f lux at the first photon shutter 

location. Furthermore, a 4.8-m Wiggler A may generate 44-kW total power. A 

significant research and development effort will be needed in materials, thermal- 

hydraulics, surface and interfacial phenomena to meet the design challenges of the 

second phase beamline front end components. 
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Figure Captions 

Fig. 1 

Fig.2 

Fig.3 

Fig.4 

Fig.5 

Fig. 6 

Fig. 7 

Fig. 8 

Schematic o f  APS ID front end 

General layout of the APS insertion device front end (with windows) 

APS ID front end optical apertures 

Optical apertures for APS undulator front end 

General layout of the APS insertion device front end (windowless mode) 

Bremsstrahlung radiation ray-tracing schematic for APS ID front end 

Schematic o f  APS BM front end 

General layout of the APS BM front end 


