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A compact and high-heat-load absorber for the SPring-8 X-ray undulator beamline has been

developed and installed. It consists of an upper heat-absorber part and a lower photon duct part,

which are con®gured together in a water-cooled GlidCop body. The absorber part has a horizontal

notch shape and the photon duct part forms a rectangular open channel under the absorber part. Two

types of absorber are designed: one, with wire mesh channels, is 486 mm long, 70 mm high and 64 mm

wide; the other, with smooth-bore channels, is 610 mm long, 75 mm high and 70 mm wide. Thermal

and stress analyses show that they withstand the 12.3 kW heat load and the maximum heat ¯ux of

940 W mmÿ2 at normal incidence.
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1. Introduction

The SPring-8 standard undulator produces synchrotron

radiation with a total power of 12.3 kW and a peak power

density of 497 kW mradÿ2. The high heat load causes

thermal engineering problems of the beamline components.

The photon absorber in the front end of the beamline fully

intercepts the synchrotron radiation at a distance of 23 m

from the source point and receives almost the full power

and the maximum heat ¯ux of 940 W mmÿ2 at normal

incidence. The design of the high-heat-load absorbers is

based on the uses of a tilted surface and enhanced heat-

transfer coolant channels. The tilted surface is effective in

reducing the maximum heat ¯ux but it leads to a large

absorber and an increase of scattered X-rays to the

downstream components (Munekawa et al., 1992). The

surface of the SPring-8 undulator absorber is set at an angle

of 0.88� to the beam; therefore, the maximum heat ¯ux is

reduced to 14.4 W mmÿ2 and the beam footprint length on

the surface is about 550 mm.

The SPring-8 undulator absorber consists of an upper

horizontal notch-shape synchrotron-radiation-receiving

part and a lower square synchrotron-radiation-trans-

porting-channel part, which are formed in a water-cooled

GlidCop (SCM metal Products, Inc.) body. The synchro-

tron-radiation-receiving surfaces block the scattered

X-rays from each other to protect the downstream

components from the X-rays. Two types of coolant channel

were employed. One was a coolant channel ®lled with

copper wire mesh (Kuzay, 1992) with a convective heat-

transfer coef®cient of 0.03 W mmÿ2 Kÿ1. The other was a

smooth bore channel with 0.02 W mmÿ2 Kÿ1 at a water

velocity of 5 m sÿ1. Adopting both the notch-shape heat

absorber and the enhanced heat transfer, the compact

absorber, equivalent to the synchrotron radiation footprint

length, is realized.

By thermal and stress analysis, as well as by considering

the manufacturing processes, the two types of absorber

with different coolant channels have been designed, fabri-

cated and installed. At a ring stored current of 17 mA,

measurements of the absorber temperatures were carried

out. They showed good agreement with the ®nite-element-

method computer-code (ANSYS; Swanson Analysis

Systems, Inc., Champain, Illinois, USA) simulation result.

2. Conceptual design

The design of the absorber is subject to the criteria of the

SPring-8 front-end components. All water joints and

connections must be isolated from UHV with venting to the

atmosphere. The absorber will be baked at 473 K. There-

fore, its surface exposed to the beam must be kept under

the baking temperature of 473 K to avoid vacuum degra-

dation due to outgassing from the heated surface. The

absorber, as well as the other front-end components, is set

on the common support which consists of two parallel

I-shape channels with a space of 240 mm.

Since an ordinary designed absorber, which consists of a

heat absorber, an actuator and a vacuum chamber, is too

large to be set on the support, a compact absorber unit has

been devised. It is an absorber block supported with an

actuator unit. The absorber block consists of a horizontal

notch-shape synchrotron radiation receiver, a beam-trans-



porting channel and water channels. The absorber block

moves up vertically with the pneumatic actuator to open

the beamline and down to close the beamline. The absorber

closes within 2.0 s.

3. Numerical analysis

The radiation power of the BL47XU undulator and the

heat load on the absorber are shown in Table 1. The angle

of the surface to the beam, the heat-transfer coef®cient and

the distance between the surface and the water channels

are optimized through the three-dimensional thermal and

stress analysis with the ANSYS code. Fig. 2 shows the

thermal analysis result at the maximum heat load. The

surfaces cut the beam at an angle of 0.88� and are followed

by 10 mm-diameter straight channels containing 313 K

water for cooling by forced convection, as shown

in Fig. 1. For a convective heat-transfer coef®cient of

0.02 W mmÿ2 Kÿ1, the maximum value is 426 K, which

satis®es the design criterion of the UHV surface tempera-

ture (473 K). Fig. 3 shows the thermal stress analysis results.

It shows that the maximum Mises stress is 206 MPa, which

is 100 MPa lower than the yield stress of GlidCop. The

other model with 8 mm-diameter wire-mesh-brazed water

channels shows that the maximum temperature is 442 K

and the maximum Mises stress of the GlidCop body is

240 MPa. These two models are suf®cient for use in stan-

dard undulator beamlines.

4. Fabrication

The fabrication procedures of the notch-shape synchrotron

radiation receiver and a synchrotron-radiation-trans-

porting channel are shown in Fig. 4. The type-A absorber

with wire-mesh water channels is made of two halves. A

notch-shape surface and a synchrotron-radiation-trans-

porting channel are machined on each half and the two

halves are welded together. The type-B absorber has

smooth-bore water channels. The synchrotron-radiation-

receiving surfaces and synchrotron-radiation-transporting

channel are formed in one GlidCop block by a wire-cutting

process. The downstream notch-shape opening is blazed

with a solid notch and blocked up. Since the distances

between the outer surfaces of the body and the centreline

of the synchrotron radiation receiver or the transporting

channel are precisely determined, the accurate position of

the centreline can be marked on the outer surfaces of the

Table 1
SPring-8 standard undulator (BL47XU) radiation power and
power density.

Design value In commissioning

Beam energy 8 GeV 8 GeV
Beam current 100 mA 17 mA
Period 3.2 cm 3.2 cm
Number of periods 37 37
Kmax 2.46 2.46
Total power 12.3 kW 2.2 kW
Maximum power density 497 kW mradÿ2 84.5 kW mradÿ2

Distance from source 23 m 23 m
Heat ¯ux 940 W mmÿ2 160 W mmÿ2

Figure 1
Design of the absorber for the SPring-8 standard undulator
beamline (type-B straight-water-channel model).

Figure 2
Result of ANSYS thermal analysis for the type-B GlidCop (AL25)
absorber.

Figure 3
Result of ANSYS thermal stress analysis for the type-B GlidCop
(AL25) absorber.
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body. The marks simplify the accurate alignment of the

absorber.

5. Discussion

Two types of absorbers were set on the beamline front ends.

Four type-A and four type-B absorbers are installed in the

SPring-8 undulator beamlines. At the commissioning of the

beamlines, the temperature measurement of the absorber

type-B was carried out in the BL47XU beamline at a ring

stored current of 17 mA. The total heat load was 2.2 kW

and the maximum power density was 84.5 kW mradÿ2.

Fig. 5 shows a comparison between the measurement and a

numerical simulation. The temperature of thermocouple

No. 1 (TC1) is 309 K and that of the simulation result is

310.6 K. Considering the uncertainty of the coef®cient of

heat transfer, the position error of the thermocouples, and

the measurement error of the temperature, it is concluded

that the measurement agrees with the simulation.

Another three type-B absorbers and four type-A

absorbers will be commissioned in Autumn 1997 at 20 mA

and in 1998 at 100 mA. The temperature of all undulator

absorbers, the water temperature and the water ¯ow rate

will be measured and recorded. The veri®cation of the

absorber thermal design will be carried out during the

commissioning.
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Figure 4
Conceptual design for the manufacturing of a notch opening and
beam-transfer channel.

Figure 5
Simulation results of ANSYS for the BL47XU absorber at the
commissioning.
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