2y

~

G

-t

LBL-27808

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

~

Presented at the Sixth National Conference on Synchrotron
Radiation Instrumentation, Berkeley, CA, August 7-10, 1989

An Assessment of the Effects of Radiation on
Permanent Magnet Material in the
ALS Insertion Devices

W.V. Hassenzahl, T.M. Jenkins, Y. Namito,
W.R. Nelson, and W.P. Swanson

August 1989

Accelerator & Fusion
Research Division

Prepared for the U.S. Department of Energy under Contract Number DE-AC03-76SF00098.

- 3 |
o o=
30
1D
fu = Z
ot
20
g <3
o m T
T oun <
m .
£
os]
-t
o
]
4]
: &
4 -
— i
= e T
T 01
N S = B E 5
R+ e v B
=5 ]
< . =
= i o



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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An assessment of the effects of radiation on permanent
magnet material in the ALS insertion devices.
W. V. Hassenzahl*, T. M. Jenkins**, Y. Namito**,

W. R. Neison**, and W. P. Swanson*

ABSTRACT

Electrons that are lost from the beam during normal operation of a synchrotron
radiation source and during a beam dump at the end of a run produce both ionizing
radiation and neutrons. This radiation has the potential for damaging sensitive
materials, in particular those that need to be very close to the beam. The wigglers and
undulators for the Advanced Light Source (ALS) at LBL will use magnetic materials
such as the very high performance neodymium-iron-boron, which will be as close as 1
cm away from the electron beam during operation. This material, Which is 'preferred
because of its high remanence, .is known to be more sensitive to radiation than some
other magnetic materials. Simple energy loss estimates and the EGS4 code were

.used to estimate the radiation levels in the ALS insertion devices in the regions of the
magnetic materials. The radiation levels were estimated for both aluminum and
stainless steel vacuum chambers to determine if one would provide significantly better
shielding. We conclude that Nd-Fe-B can be used in the ALS insertion devices and
that there is little difference in the radiation levels for aluminum and stainless vacuum
vessals.
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Basic Energy Sciences, Materials Sciences Division,.of the U.S. D.O.E., under
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Introduction

The issue of radiation damage in the permanent magnet material was raised
when the initial work on the concept of a generic insénion device structure for the ALS
began in the fall of 1988, . Two important questions had to be addressed before
proceeding with the detailed design. First, it is well known that samarium-cobalt is
more radiation resistant than the higher performance neodymium-iron-boron, which
- was used on the beam line X wiggler at Spear and is proposed for the ALS insertion
devices. Thus, if the radiation level is significant, it might be appropriate to use Sm-Co
materials, or to substitute them in the parts of the insertion devices near the beam
where the radiation level will be highest. Second, the radiation level at the magnetié
mate'n'al may depend to some extent on the choice of the vacuum chamber material.
Stainless steel and aluminum are being considered for the chambers. An aluminum
chamber would be much less expensive, but, as stainless steel might provide
significantly better shielding due to its higher Z, it might be cost effective in the long
run. Thus, it is necessary to compare the effects of thin-walled vacuum chambers
made of these two materials on the basis of the radiation levels in the nearby magnetic
material. This report addresses both issues and sets design criteria for the vacuum

chamber and for the permanent magnet materials.



There have been a few studies of the effects of radiation on permanent magnet
materials such as samarium-cobalit and neddymium-iron-boron (1-3). In general the
sensitivity to radiation in these materials is rather low; however, over the projected 20
year life of the ALS the integrated dose may be quite large. Recent studies (1,2) to
determine the effects of charged patrticle radiation and neutrons on Nd-F’e—B are
probably the most relevant for estimating the significance of radiation in the ALS. The
materials used for the study were high performance Hicorex 94EB (made by Hitachi)
and Crumax 282 (made by Crucible.Magnetics), which are similar to the Nd-Fe-B
materials that are being proposed for the ALS insertion devices. The sensitivity of the
Crumax 282 to neutrons (1) is shown in Fig. 1. The abscissa is the totél integrated
neutron flux, and the ordinate is the fractional reducﬁon in magnetization. A flux of

1015 n/cm? is required to produce a 6 % decrease in performance.

The effect of charged particle radiation is not so well understood as that of
neutrons. The data by Kulak et al. of Livermore (2) as summarized in Fig. 2, shows
some effect in the Hicorex material after 2x106 Gy (100Rad = 1Gy). This effect is not

very large and the variation from sample to sample is great.

These data suggest that integrated neutron fluences of less than 3x10'4 n/cm?2
and ionizing radiation levels of less than 6x10* Gy can be considered as thresholds

below which there will be no significant damage to the Nd-Fe-B materials.

.



Radiation d ted in ALS Insertion Devi

We first summarize the results of one of the authors, W. Swansoh (4). The dose
due to ionizing radiation was calculated assuming the electron beam is lost uniformly
around the ring and that the mechanism for beam loss is bremsstrahlung. The energy
available is that due to the full beam and it is assumed that the machine is charged
and dumped or decays so that the annual energy loss is 2x106 J. This corresponds to
about 2 fills per day of 400 mA of electrons at an energy of 1.5 GeV. To estimate the
dose, it is assumed that all the energy in the electron beam is converted into radiation
in the structure around the beam. Though the maximum energy goes in the forward
direction, some small amount of radiation even goes off in the backwards direction.
The net result is that the radiation level, assuming the beam is lost uniformly around ¥
the accelerator, is about 1.5x1 0° Gy per year, which leads to a total Vdose of about

3x10* Gy over 20 years. This value is indicated on Fig. 2.

The neutron dose in a relatively low energy electron machine might be
expected to be small because there is I‘ittle interaction of the electrons or gammas
produced with the nuclei of atoms in the materials. Thus there is little chance of
producing neutrons. The neutron level has been measured at Aladdin (5) and the
results were scaled fo estimate the neutron fluence in the the materials around the
ALS beam. The dose expected in the 20 year life of the ALS is about 7x10"! n/cm2.
This is quite small relative to the radiation damage threshold (1) of the Nd-Fe-B

materials, as can be seen in Fig. 1.



Becent results with EGS4

The analysis described above assumed that most of the electron beam energy
went into bremsstrahlung, which resulted in subsequent irradiation of the materials
surrounding the beam. In fact, most of the energy in the beam is deposited in material
around the accelerator by particles that collide with gas molecules in the accelerator or
are Touschek scattered into an unstable orbit and which are eventually lost by hitting a
slit that defines the beam size or by colliding with the wall at a very small angle. The
most serious source of radiation in the insertion devices will be due to these particles
with low incident angles that collide with the walls of the vacuum chamber within the ID

itself.

Jenkins et al. (6,7) carried out a study of the radiation that could be expected in
the insertion devices when electrons with low incident angles strike the vacuum
chamber walls. Both aluminum and stainless steel vacuum chambers were
considered. The ID geometry was simulated by 3 mm diameter cylinders (shown in
Fig. 3) of either aluminum or iron that were surrounded by and in direct contact with
thick cylinders of iron that simulate the Nd-Fe-B and the iron poles. The shower
produced by an electron beam incident on the center of the inner cylinder was tracked
with the EGS4 code to determine the radiation in the cylinders at various distances

downstream from the point of incidence as a function of radial position.

Several direct results of these studies are shown in Figs. 4 to 7. These figures
show the loss of a few particles in the cylinders, but have enough statistics to get a
good feel for the level and extent of radiation loss. The different curves in the figures
refer to the size of the incident beam. The maximum energy deposited is fof the

stainless steel vacuum chamber rather than for the aluminum, but it is over a shorter



R

distance. The radiation peaks in the SS chamber at a distance of about 3.7 radiation
lengths, whereas for the aluminum it is at a shorter distance, about 2.3 radiation
lengths. The exact cause for this difference is not clear, but may have to do with the

contribution of the insertion device materials to the shower.

The results of the EGS4 data in Ref. 7 can be applied to the losses in the ALS
insertion devices. Here we assume that half the beam from 700 fills per year is lost in
a set of 5§ IDs that ére each 5 meters long and then calculate the number of electrohs
(br equivalently the energy) incident per unit length of vacuum chamber wall. This loss
can be converted to doée by using the relation: |

Ey Gy
Dose=(- L) 2)(0.16,20e)

The local radiation depends on the material in the vacuum chamber, as shown
in Figs. 6 and 7. For stainless steel the dose is locally higher, but extends over a

shorter distance than for the aluminum. It is necessary to combine these effects, as in

- Table |, to estimate the radiation levels in the magnetic materials. The doses

associated with aluminum and stainless steel vacuum chambers are nearly identical.

Over the 20 year life of the ALS they will be 3x10% and 2.6x10* Gy, respectively.



Conclusions

Two major conclusions can be derived from this assessment. First, it would
appear that the Nd-Fe-B material will not be damaged by the radiation levels expected
in the ALS insertion devices. Second, there is essentially no difference in the
radiation levels expected for stainiess steel and aluminum Vacuum chambers. Thus, it

is appropriate to choose the less expensive material, aluminum, for the chambers.

After this study was completed another set of measurements (8) of the effects of
radiation on magnetic materials was pointed out to the authors. The observed effects
of ionizing radiation are similar to those of Ref: 2, showing a degradation of less than

0.5 % at 105 Gy.

Table |

Location, Magnitude, and Linear Extent of Radiation in Magnetic Materials of

Insertion Devices for Aluminum and Stainiess Steel Vacuum Chambers.

Vacuum Position of Maximum  Radiation Dose
Chamber Maximum Radiation  Extent
Material Radiation

(cm) (cm) (cm) (104 Gy#yr)
Aluminum 20 0.022 10 0.15

Stainless Steel 7 : 0.035 5 0.13
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Figure 1. Loss of remanence in Nd-Fe-B due to neutron irradiation.

Figure 2. Effects of ionizing radiation on the remanence of Nd-Fe-B magnetic

material. Note the estimated dose of about 2x104 Gy for the ALS insertion devices.
Figure 3 Two material geometry used for EGS4 calculation of energy loss.

Figure 4 Cascade shower produced in iron by two 1.5 GeV electrons. Charged

particles (e+ and e-) are shown as solid lines and photons as dots.

Figuré 5 Energy deposition density versus radial shell. The different curves
correspond to different beam sizes, from a point or pencil beam (simple solid curve) to

a 1000 u diameter beam (curve indicated with an open square). This legend for

different beam size also applies to Figures 6 and 7.

Figure 6 Maximum energy-deposition density versus depth in the Nd-Fe-B for the

aluminum vacuum chamber case ( with r > 0.3 cm).

Figure 7 Maximum energy-deposition density versus depth in the Nd-Fe-B for the

stainless steel vacuum chamber case ( with r > 0.3 cm).
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