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   September 9, 2005
TO:
    S.H. Rokni        

CC:
    W.J. Corbett, A. Ringwall
FROM:  A.A. Prinz and J.C. Liu
SUBJECT:
Review of Ray Traces for SLM Beamline at SSRL
Introduction

SSRL proposes to operate the Synchrotron Light Monitor (SLM) beamline, located just downstream of the injection region (adjacent to Beamline 1), beginning in late 2005 or early 2006.  In addition to the usual synchrotron (SR) and gas bremsstrahlung (GB) radiation hazards, the SLM beamline presents an additional hazard, the potential for injected beam to channel into the beamline, owing to its lack of injection stoppers.  (Three permanent magnets insure that injected beam cannot reach any point with direct line of sight through the SLM’s penetration in the SPEAR concrete housing.)  The radiation safety requirements for the SLM are detailed in a Radiation Physics Note [1], and the SLM design, including implementation of the safety requirements, is given in an SSRL Engineering Note [2] and ray traces [3].

The principal components of the SLM beamline are a limiting aperture at the beamline entrance, a set of permanent magnets to deflect errant injected beam, a pair of fixed masks that intercept any injected beam exiting the magnets, a coldfinger that removes most of the power from the SR beam by intercepting the middle portion of the fan, a mirror with a 9° incidence angle, an SR light pipe through the SPEAR concrete lateral wall, a single shutter, and a lead-lined box (located inside Building 120) containing a pair of mirrors each with a ~180° angle of incidence.  The triply-reflected SR, which is analyzed after exiting a window on the downstream end of the box, does not pose a radiological hazard.
This memo describes our review of the SLM ray traces [2,3].  There were a few cases in which scattered radiation trajectories do not encounter the required quantity of shielding.  These cases, and the modifications proposed to correct them, are discussed in the results section below.
Radiation Safety Requirements
The ray traces were reviewed against the following requirements from [1].  (The “beam loss points” mentioned below refer to areas where the injection beam could strike the SLM vacuum chamber.  These areas are defined in [1] and [2].)
· 8”-thick lead shielding needs to cover up to ±12° horizontal angle relative to any one of the three beam loss points along the SLM beamline. The corresponding vertical angles need to cover from the floor to the ceiling of the ratchet wall.
· 4”-thick lead shielding needs to block the Beamline 1 penetration from rays emitted from the three beam loss points in the SLM line.
· 1”-thick lead shielding is needed to block the mouth of the light pipe (in alcove) from rays emitted from the beam loss points in the SLM line.
· 2”-thick lead shielding is needed to block the mouth of the light pipe (in alcove) from rays emitted from any point along the SPEAR3 ring or along Beamline 1 upstream of the BL1 injection stoppers.
· 1/8”-thick lead shielding is needed to block the downstream end of the light pipe in Building 120 (i.e., the box should be lined with at least 1/8” of lead).

· Additionally, 1/2” of lead shielding, or equivalent, is needed for the shutter and at the downstream end of the box to block rays scattered from the M0 mirror.
Results of Ray Trace Study
A total of eight trajectories for scattered radiation were found to bypass the required shielding.  Five of these originate on the SLM beamline and end at the ratchet wall; one originates on the SLM line and passes through the Beamline 1 penetration; one originates on the SLM line and enters the SLM light-pipe; and one originates on either Beamline 1 or the SPEAR beam path and enters the SLM penetration.  The following list defines these trajectories with reference to the SLM optical and shielding components (see [2] and [3] for locations of these components).
1. This ray originates at the bellows module at the upstream end of the second beam-loss region of the SLM line, bypasses lead stack #3 on the SPEAR side, passes over the top (vertically) of the BL1 collimator near the BL1 injection stoppers, and ends at the ratchet wall.  It makes an angle of 9.0° to the SLM beam direction.
2. This ray is the mirror image, across the horizontal SPEAR median plane, of ray #1 (i.e., it passes under rather than over the BL1 collimator).

3. This ray originates at the upstream end of the third beam loss region of the SLM line, passes within the opening of shield wall #3, passes over the top (vertically) of lead stack 5A, bypasses shield wall #4 on the SPEAR side, and ends at the ratchet wall.  It makes an angle of 9.4° to the SLM beam direction.
4. This ray is very nearly the mirror image, across the horizontal SPEAR median plane, of ray #3 (i.e., it passes under rather than over lead stack 5A).  It makes an angle of 8.4° with the SLM beam direction.
5. This ray originates in the third beam loss region of the SLM line, just upstream of shield wall #3.  It passes within the opening of shield wall #3, bypasses lead stack 5A on the SSRL side, passes over the top (vertically) of lead stack 5B, bypasses shield wall #4 on the SPEAR side, and ends at the ratchet wall.  It makes an angle of 10.0° with the SPEAR beam direction.
6. This ray originates at the aperture mask (at the downstream end of the third beam loss region) in the SLM line, bypasses lead stack 5A on the SSRL side, bypasses lead stack 5B on the SPEAR side, and passes through the BL1 penetration.  It is intercepted y a small amount of polyethylene, but no lead.

7. This ray originates near the upstream end of the third beam loss region in the SLM line, passes within the opening of shield wall #3, bypasses lead stack 6 on the SSRL side, and enters the SLM light pipe.  (It strikes the inner wall of the light pipe about halfway down.)

8. This ray originates at the SPEAR vacuum chamber (or, alternatively, on the BL1 line) adjacent to lead stack 4.  It bypasses lead stack 5B on the SSRL side, bypasses lead stack 6 on the SPEAR side, and enters the SLM light pipe.  (It strikes the inner wall of the light pipe about halfway down.)

The following proposed shielding modifications provide suitable mitigation:

A. Add lead between EC magnet #1 and adjacent BL1 sextupole.  This will intercept rays 1 and 2.

B. Increase height of stack 5A by two inches.  This will intercept ray 3.

C. Stack Pb bricks on top of coldfinger support on SPEAR side of SLM beamline (the support is below the median plane) up to height of a few inches above the median plane.  This will intercept rays 4 and 8.
D. Increase height of stack 5B by 4 inches. This will intercept ray 5.

E. Move stack 5A closer to the SLM beamline and closer to stack 5B.  This will intercept rays 5 and 6.

F. Add a 2-inch lead brick to downstream side of stack 6.  This will intercept ray 7.
G. Replace 1-inch-thick polyethylene with lead at stack 5B.  This provides extra protection for the SLM penetration.
H. Wrap 1/8-inch lead around exterior of SLM light pipe from lead collar to interior of Bldg 120.  This provides extra protection against radiation scattered by the M0 mirror.
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