
wings by 66 percent. The absorber’s nose is inclined vertically 
by 11 degrees, which spreads the beam power vertically. How-
ever, since the initial beam size at normal incidence is very 
small (0.2 mm vertically), the advantage of vertical inclination 
is not significant. At 300 mA, the temperature rise in the nose 
region would be 350 °C which is unacceptable for Glidcop un-
der thermal cycles.

Figure 1. Plane View of the Crotch Absorber

Figure  2. Bending Magnet Fan Intercepted by the External Fins

A new approach is used to spread the beam power more 
effectively in the nose region. In this approach, illustrated in 
Figure 2, vertical fins are machined on the Glidcop surface, 
which split the beam footprint into two parts. The first part is 
intercepted by the fins, whereas the second part is intercepted 
by the grooves between the fins. At  the 11-degree angle of in-

Bending magnet fan

Water cooling

Hot spots

Abstract
The Advanced Photon Source (APS) is a third-generation 

synchrotron facility built to generate extremely powerful x-
rays. x-ray absorbers in the APS dipole vacuum chambers, 
known as crotch absorbers, are subjected to a very high power 
density of 750  Watt/mm2 at 300 mA of beam current. In the 
compact design of the APS crotch absorbers, this high heat load 
is handled by a combination of optimized geometry, fins for 
power dispersion and cooling efficiency, and a material with 
high fatigue strength (Glidcop). The basic design and the re-
sults of detailed thermomechanical finite element analysis are 
presented in this paper.

I.  INTRODUCTION
Each of the bending magnets of the APS storage ring 

emits a horizontal x-ray fan of 78.5 mrads with a power density 
of 750 Watt/mm2 at 300 mA. Only 1.8 mrad of this fan is ex-
tracted to the beamline. The remaining fan is intercepted by a 
string of water-cooled absorbers in order to protect the vacuum 
components. A crotch absorber located at the downstream end 
of the dipole vacuum chamber intercepts most of these x-rays. 
With a source distance of approximately 1.8 m, the vertical 
x-ray beam size at the crotch absorber is 0.2 mm at normal 
incidence. This results in a vertically-integrated linear power 
density of 145 w/mm, which is too high for the conventional 
water-cooled copper absorbers. One approach to deal with this 
extreme power density is to use a beryllium diffuser brazed to 
the copper absorber [1]. The beryllium diffuses the x-ray power 
by absorbing softer x-rays through its thickness, thus spreading 
the heat load over a larger volume. The earlier APS crotch ab-
sorber designs [2,3] were based on this concept. In addition, 
Glidcop [ 4 ] was used for the absorber body instead of OFHC 
copper, because Glidcop has high fatigue strength at elevated 
temperatures. However, these designs were found to be diffi-
cult to implement in production because of unreliable braze 
joints between beryllium and Glidcop. In the present design, 
which has been used successfully for the fabrication of all 
crotch absorbers, the use of beryllium as a diffuser has been 
eliminated.

II.  BASIC DESIGN
The present crotch absorber (see Figure 1) has two dis-

tinct features: a central nose region, and two side wings. Each 
of the side wings, as well as the nose, intercepts approximately 
4 kilowatts of beam power. The side wings are inclined to the 
incident beam by approximately 20 degrees.  This reduces the 
linear power density and the resulting temperature rise in the 
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IV.   STRESS
The fins in the absorber body also help in reducing the 

pressure stresses from the cooling water at 150 psi. Moreover, 
the pressure stresses, in contrast to the thermal stresses, are 
compressive on the water channel side, and tensile on the inci-
dent beam side. The combined effective (von Mises) stress is 
therefore reduced when both the thermal and pressure loads are 
considered.

Due to symmetry, only one-half of the nose section was 
modeled.  Figure 4 shows the  von Mises stress contours in this 
3-D model. As expected, the two spots where the beam is in-
tercepted experience the highest stress with a magnitude of 
about 20 ksi. In comparison, the yield strength and tensile 
strength of Glidcop are 55 ksi and 65 ksi, respectively [6].

Figure 4. Stress Contour in the Nose Region

V.  CONCLUSIONS
The basic design features of the APS crotch absorber have 

been described, and analysis results have been presented to 
show the effect of external and internal fins in reducing the 
temperature rise and stresses in the absorber. The compact de-
sign, which does not use beryllium as an x-ray diffuser, has  
been shown to safely handle 300 mA of beam current.
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cidence, the separation between the two beam intercepts is 8 
mm. Since the water channels are only about 5 mm away from 
the surface, this separation reduces the surface temperature rise 
considerably (see below). The beam power can be distributed 
even more effectively by using V-shaped fins. However, for the 
present beam power, the V-shaped fins are not needed and are 
not used in order to reduce the machining cost.

Internal fins are also used inside the water channels of the 
absorber to enhance the heat transfer. The water channels and 
the internal fins are made by EDM (electric discharge machin-
ing) to meet an important design criterion of avoiding water-
to-vacuum joints. The Glidcop body is brazed to an OFHC cop-
per plug, which directs the water flow, and a stainless steel 
cylinder, by which the absorber is attached to a Conflat flange. 
All brazing is done in a vacuum furnace with 50-50 gold-
copper alloy. Further details on the absorber design, fabrica-
tion, and brazing are given in [5].

  

III.  TEMPERATURE RISE
Finite element models were constructed to determine the 

temperature rise and stresses in the crotch absorber. Only the 
results for the nose region, where the temperature rise and 
stresses are highest, are presented here. For the thermal analysis 
only a representative strip of the absorber--consisting of two 
external fins, one water channel, and one internal fin--was 
modeled. A film coefficient of 1.5 Watt/(cm2 °C) was used 
based on a 7.5 gallon/minute (GPM) water flow in the cooling 
channels.

Figure 3. Temperature Rise Contour in the Nose Region

The temperature contours are shown in Figure 3. In the 
two spots where the beam is intercepted, the temperature rises 
by 270° C. The isotherms in the figure show spreading of the 
beam power due to the external fins. At the cooling channels, 
the maximum temperature rise is approximately 135° C, and 
the heat flux is 2 Watt/mm2, both of which are well below the 
critical boiling conditions. If no external and internal fins are 
used, then the maximum temperature rises at the fins and the 
cooling channels are 350 and 145 ° C, respectively.
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