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1. Introduction

The Linac Coherent Light Source (LCLS)^ is a project proposing to use 7 to 15 GeV electron beams
from the existing SLAC linac to drive a fourth generation light source. In this type of device, using
Self-Amplified-Spontaneous-Emission (SASE), a very high coherent power can be achieved in a free-
electron laser in a single pass of a high brightness electron beam through a long undulator, without the
need for an optical cavity. LCLS would generate coherent X-rays with wavelengths from 1.5 to
0.15 nm. In this wavelength range LCLS would exceed parameters of any existing or planned facility
by many orders of magnitude in the area of peak power and brightness, coherence and shortness of the
light pulse.

Radiation safety concerns for LCLS are similar to those encountered at both high energy electron ac-
celerators and synchrotron radiation facilities, with some unique features of its own. The design of the
facility is far from finished and various options are being contemplated. At this stage of the project in-
put from radiation safety specialists is needed in areas of shielding, personnel protection and beam
containment. In addition, methods used for shielding calculations can also provide useful information
regarding estimates of component activation, radiation damage and radiation background in various
detectors. The purpose of this paper is to review areas of concern at this facility and to present results
of initial studies.

2. Description of the facility

Figure 1. Planned layout of the LCLS in the FFTB enclosure (not to scale). Only the second half of the
enclosure (and the undulator) is pictured

One attractive feature of the LCLS project is the use of existing SLAC facilities. It would take advan-
tage of the existing SLAC linac and use its electron beams in the enclosure currently occupied by the
Final Focus Test Facility (FFTB). This enclosure is located at the end of, and in line with, the two-mile
long linac. It starts in the underground area of beam switch yard and its second half emerges out from
an earth berm into the research yard. This second half is pictured in figure 1. A 100 m long undulator

1 Work supported by the US Department of Energy under contract DE-AC-03-76SF00515.
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will replace a major portion of the FFTB beam line. After exiting the undulator the electron beam is
deflected downwards by a series of permanent magnets and terminates in a beam dump. The photon
beam will pass through the dump shielding into an experimental hutch, where it will be deflected by a
mirror under a very grazing angle. With exception of this hutch, most of the FFTB enclosure will re-
main unchanged. While FFTB uses electron beams with energies up to 50 GeV, LCLS beams will be
limited to the range between 7 to 15 GeV. The beam power of 2.5 kW currently allowed in FFTB will
be also sufficient for LCLS.

3. Radiation protection systems

Personnel Protection System (PPS), Beam Containment System (BCS) and shielding are three major
aspects of radiation safety of accelerator facilities. Their implementation in LCLS will be inherited
from FFTB with only minor modifications. FFTB systems were described in detail elsewhere^ . Most
of the shielding will remain adequate, because the total beam power, expected beam losses and usage
of the facility will not exceed currently allowed values. The existing BCS, related to the electron beam,
consists of protection collimators, devices limiting the total beam power (toroids) and beam losses
(current comparators, long ionization chambers). The PPS consists of access control, beam shutoff
ionization chambers (BSOICs), beam stoppers and emergency buttons. The presence of the synchrotron
radiation line and a new experimental hutch will require an extension of these systems, in particular
hutch stoppers shown in figure 1. The presence of an opening in the electron dump shielding and the
immediate proximity of an occupied experimental hutch requires an assessment of potential radiation
sources in this area.

4. Radiation sources and methods of their assessment

The following radiation sources may be of concern in LCLS: bremsstrahlung from beam/halo interac-
tions with beam line components, gas bremsstrahlung, synchrotron radiation, neutrons, muons and in-
duced activity. Some of these can be estimated using relatively simple methods, while others require
more elaborate means. Tools used to perform these estimations and initial results are presented below.

Bremsstrahlung and neutrons from electron beam losses

The SHIELD 11 program[3] is used to perform simple slab geometry shielding calculations. It uses sim-
ple analytical expressions to evaluate production and transmission of photons and neutrons from fully
developed electromagnetic showers in thick targets. It is adequate for situation when high energy elec-
tron beams hit thick beam line components such as magnets, collimators and dumps. This code has
been used to calculate most of the shielding at FFTB[2] and other SLAC facilities. We used it also to
perform estimates of the dose to electronics inside the FFTB enclosure resulting from beam losses on
collimators and in the undulator. In the latter case, SHIELD 11 is a viable alternative to the more accu-
rate Monte Carlo method while the exact beam line geometry has not been finalized yet.

The FLUKA Monte Carlo code[4] is used to evaluate more complicated beam loss scenarios, where the
electron beam has a grazing incidence and/or the geometry is complex. The latest version of this code
is capable of generating photoneutrons. FLUKA has been used to study the effect of collimators up-
stream of the undulator and their effect of minimizing the radiation dose to permanent magnets in the
undulator. In another series of calculations we studied the effect of beam "halo" scraping towards the
end of the undulator on and the resulting radiation inside the experimental hutch. Due to the length and
complexity of the geometry, it is a challenge to obtain meaningful results with reasonable usage of
CPU time.

The beam line layout has been simplified to a cylindrical-slab geometry. In these simulations most of
the elements are symmetrical relative to the beam line, with exception of a few crucial beam line com-
ponents which are modeled in full detail. The extent of the geometry in the radial direction around the
beam pipe is very constrained up to the experimental hutch. Particles exceeding this radial limit are
killed in order to save computation time, because they have an extremely low probability of reaching

322 Session 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

the scoring regions in the experimental hutch. In order to improve statistics, importance biasing was
implemented setting the relative importance as a function of distance from the source. High energy
cutoffs, importance windows and leading particle biasing were also necessary. An example of results
from these calculations is shown in figure 2.

Figure 2. Tissue dose as a function of distance from beam axis at the end of the experimental hutch. No-
tice the penumbra behind the bremsstrahlung dump
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Gas bremsstrahlung

Gas bremsstrahlung will arise from beam interactions with the residual gas in the vacuum chamber
over a straight portion of the beam line, including the undulator. A length of about 130 m was consid-
ered. In comparison with storage rings, the length of the straight section, beam energy and residual
pressure are higher, while the beam current is lower. Using an analytical formula proposed by Fer-
rari^1, an extrapolation to LCLS parameters yields an estimated 50 mGy/h in the center of the beam
line in the experimental hutch. However, it is not obvious that the formula can be extrapolated to such
straight section lengths and energies. A full Monte Carlo simulation is planned in the near future.

Synchrotron radiation

In addition to the extremely narrow laser beam, spontaneous synchrotron radiation will be emitted in a
cone with a complex angular and energy distribution. This distribution was employed in FLUKA by
means of a custom user code. In the first stage this code was used to estimate the dose to the undulator
permanent magnets from synchrotron radiation. With more elaborate biasing it will be used in regions
of interest downstream. However, it seems necessary to implement into FLUKA reflection and refrac-
tion properties of low-energy x-rays, to properly simulate interactions with surfaces at extremely small
grazing angles in mirrors and collimators.

Muons

The 15 GeV electron beam terminating in the beam dump will be a non-negligible source of muons.
Preliminary estimates of muon dose rates behind the concrete and iron shielding of the FFTB beam
dump have been done with the MUON89 code[6]. Approximately 6 m of iron shielding, in addition to
the existing FFTB dump shield, would be needed to bring the dose rate in the forward direction below
50 nSv/h, assuming that the beam power is 2.5 kW. These estimates were confirmed by another simple
method described by Sullivan[7]. If the beam is sufficiently deflected downwards by the permanent
magnets, the narrow maximum of the muon beam might emerge from the FFTB dump shield already
underground, in which case no additional shielding would be needed.
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Induced activity

Radiation levels from induced activity in the undulator magnets were estimated using DeStaebler's
method[8] and values of saturation activities tabulated by Swanson[9]. The magnet material was as-
sumed to consist of equal parts of cobalt and iron. The total dose rate from an activated magnet imme-
diately after shut-down is conservatively estimated to be 50 ^Sv.h "'.W"' at 1 m. It is dominated by a
0.8 MeV gamma from 58Co with a half-life of 71 days. With the expected low level of beam losses in
the undulator, the activation of the device, and resulting personnel exposure are expected to be very
low.
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