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I.  Summary

The synchrotron light monitor (SLM) for the SPEAR3 accelerator presents several radiation issues due to the fact that the monitor images during beam injection (no injection stoppers) and requires an additional penetration to one of the SPEAR3 shielding walls.  Using a combination of permanent magnet dipole electron clearing magnets, lead shielding, and reflective optics these problems are mitigated. This report presents the design of the light monitor and the implementation of these mitigating measures. Shielding requirements are further discussed in RP Note 02-01 by J. Liu and S. Rokni.

II.  Introduction

The SLM for the SPEAR3 accelerator upgrade will be used to monitor transverse characteristics of the electron beam (stored beam detection, centroid position and size, beam size, beam coupling, transverse stability); longitudinal characteristics (single-bunch structure, bunch–to-bunch stability); and bunch purity. The light monitor is required to function both during beam injection and with stored beam. 

The primary parts of the SLM beamline are shown in Figure 1 and Figure 2. The SLM uses synchrotron light (also known as synchrotron radiation, SR) emanating from the entrance end of the BD1 (previously named BM2 in SPEAR3 nomenclature) gradient dipole magnet on girder 04 (girder 15 in SPEAR2 nomenclature), taking light out through the insertion device (ID) port of the BD1 vacuum chamber. Light from BD1 and the upstream bend magnet, BD2 (previously named BM1 in SPEAR3 nomenclature) is collimated by an absorber and an aperture-defining mask before X-rays are removed by an intercepting mask (the cold finger). The light then reflects off a flat mirror, M0, at near grazing incidence, passes through a UHV window, and exits through a penetration in a shielding wall and into building 120. There the light passes through a second window and reflects off two flat mirrors at near normal incidence, followed by either two image-forming spherical mirrors or refractive lenses before it is split and imaged by two specialized cameras. 

The SLM beamline design presents several radiation issues: 
1) Since the SLM is required to operate during injection, there will be no injection stoppers and injected beam could be lost down the SLM beamline. Secondary radiation from this injected beam loss can create high doses, particularly at the 2’-thick ratchet wall and the beamline 1 penetration in the ratchet wall. 
2) As mentioned, there will be a new SLM penetration added to one of the shielding walls. This penetration must be shielded from secondary radiation from injection beam losses in the SLM beampipe or losses from the SPEAR3 ring vacuum ante-chambers or losses at the beamline 1 injection stoppers. Also, any secondary radiation off the flat mirror (M0) ducted through the light pipe and into bldg. 120 will need to be shielded  
3) When the SR light misses the “cold finger” mask, it will scatter off the M0 mirror through the light pipe and into the bldg. 120 experimental area. 

A combination of lead shielding, deflecting “electron clearing” permanent dipole magnets, and mirror reflections will be used to mitigate these issues.

Nomenclature: BD1 or BM2, BD2 or BM1 are used interchangeably in this document. They refer to the same magnet or chamber. Circular, stainless steel vacuum tubing used as a vacuum or pressure vessel are referred to as: beampipes, spools, beamtubes, or light pipes.

Units: Inches are used for length measurement in the figures or dual units, inches and centimeters, are displayed. Angles in degrees will have a degree symbol, °. Angles with no symbol are given in radians.
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Figure 1: Plan view of synchrotron light monitor (SLM) beamline (taken in plane of beamline)
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Figure 2: Photograph of SLM beamline area (use first post as reference to other figures)

III.  Description of SLM Beamline and Components

Source Points and Chamber Slot Vertical Acceptance

Figure 3 shows the source points of the synchrotron light rays. The rays define a 3.5 mrad horizontal light fan that passes through the acceptance of the absorber. The horizontal mis-steer orbits shown are for stored beam and have been simplified as worst case, 21 mm bend offsets. The injected beams may have more severe orbit distortions. 

Figure 4 shows the cross section of the BM2 chamber aperture. A slot connects the beam aperture with the ante-chamber. The height of this slot along with the downbeam limiting vertical aperture (shown in Figure 7) define a worst case trajectory (steepest entrance angles) of mis-steered injected beam in the vertical plane.  As shown in Figure 5, the worst case angle is +/- 9.4 mrad. By comparison, the expected maximum angle of the stored electron beam in this portion of the magnet is about +/- 4.8 mrad (reference Engineering Note M342). Appendix D shows a more severe injected beam loss trajectory with an angle of +11.43 mrad. In this case, the source trajectory starts at the slot exit into the ante-chamber and the angle is defined by the downstream limiting aperture, an annular collimator welded into an alignment bellows flange.
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Figure 3: Plan view of synchrotron rays emanating from the BM2 magnet for the SLM
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Figure 4: Elevation section (taken in plane of SLM beamline, rotated 60°) and phantom plan view of BM2 chamber slot 
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Figure 5: Elevation sections (rotated 60°) of BM2 chamber showing worst case lost injected beam path and nominal synchrotron rays; the bottom view (unrotated) shows a more severe vertical trajectory emanating from the end of the slot, y’ = 11.4 mrad ; the slot is assumed mispositioned by -1 mm, 
y = -7.5 mm, to maximize y’
Absorber and Lost Beam Limiting Aperture

Figure 6 shows the absorber, synchrotron light fan and injected beam losses that would or could pass through the 3.5 mrad acceptance of the mask tips. As can be seen, the absorber removes most of the SR power coming through the ID port from both the BM1 and BM2 dipoles. The ray shown from the BM1 magnet would also be the trajectory for a stored electron beam, if the BM2 magnet fails completely.

As shown in Figures 7 and 8, the limiting aperture for a lost injected beam is defined by a collimator with an inner diameter of 1.750 inches, defining the maximum and minimum angular trajectories that can enter the electron clearing magnets. 
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Figure 6: Elevation (rotated 60°) and plan section view of the SLM absorber chamber
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Figure 7: Elevation section view of SLM beamline prior to first electron clearing magnet showing limiting aperture and components
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Figure 8: Plan section (rotated 60°) view of SLM beamline prior to first electron clearing magnet showing components
Electron Clearing Magnets and Beam Loss Mask

Figures 9, 10, and 11 show the three electron clearing magnets, associated vacuum spools, lost beam and SR ray trajectories through the magnets. The magnet design and resulting electron beam trajectories are discussed below.
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Figure 9: Elevation (rotated 60°) and plan sections of EC magnet #1 and first shower initiation
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Figure 10: Elevation (rotated 60°) and plan sections of EC magnet #2
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Figure 11: Elevation (rotated 60°) and plan section views of EC magnet #3 (note Figure 22 shows this magnet has since been rotated by 180 degrees about the horizontal from the orientation shown in this figure, refer to appendixed figure D-10)

Magnet design: There are three electron clearing, permanent magnet, dipoles: EC #1, EC #2, and EC #3. Injected beam that clears the limiting aperture of the collimator will be bent by the dipole fields of one or more of these magnets. The first magnet, EC #1, will be a newly fabricated magnet for SPEAR3. The other two magnets EC #2 and EC #3 are existing magnets that have been in service for many years on SPEAR2.

The magnet positions and strengths are such that a lost injected beam at 3 GeV with the maximum, entrance angle at EC #1 will be deflected sufficiently to be lost on the downstream face of the aperture mask as shown in Figure 23 and also shown in appendix D for the more severe trajectory using measured, rather than minimum, magnet strengths.
EC #1: EC #1 will be a new magnet using Nd-Fe-B permanent magnet material. A summary of the magnets parameters is shown in Table 1. Figure 12 shows the bend radius calculations for a relativistic electron beam at 3 GeV. Flux lines, a flux plot, a drawing of the magnet, and Nd-Fe-B permanent magnet data sheets are shown in Figures 13 through 16. The maximum bend radius of this magnet for a 3 GeV beam is 31.45 m (1241 in). The bend radius at the center of the magnet is 25.4 m (1000 in).

Table 1: EC magnet #1 summary

	
	EC Magnet #1

	Magnet length (in)
	19

	Magnet aperture (in)
	2.625

	Remanent field (T)
	1.2 minimum

	Coercive force used for FEA model (A/m)
	947,000

	Recoil permeability
	1.04

	Perpendicular permeability
	1.1

	Minimum dipole field value for EC #1 magnet design (T), Bmin
	.318

	Max. bend radius for a 3 GeV beam (m), ρmax
	31.45

	Min. total bend angle through magnet at maximum bend radius, φ (rad)
	.0153

	Center bend radius for a 3 GeV beam (m), ρmin
	25.4

	Distance from start of magnet to aperture mask (in)
	166.38
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Figure 12: Equations for relativistic electron bend radius in a dipole field
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Figure 13:  Flux line plot for the EC #1 dipole, 2-D quarter model
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Figure 14:  Flux contour for the EC #1 dipole, dipole field component Bx, 2D quarter model
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Figure 15: Preliminary design of the EC #1 magnet
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Figure 16:  B-H curve for Nd-Fe-B permanent magnet material

EC #2 and EC #3: EC #2 and EC #3 are existing dipole magnets presently in service on one of the SPEAR2 beamlines. The remanent field values of the magnets are unknown, so Hall probe measurements of the magnet were made. In the 2-D finite element models, the remanent field values were varied until the measured values were achieved in the model. The permanent magnet material is some type of ceramic. The magnet parameter summary is shown in Table 2. Flux lines, flux plots, and ceramic permanent magnet B-H curves are shown in Figures 17-21. The EC #2 and EC #3 magnets have maximum 3 GeV bend radii of 100 m (3937 in) and 111 m (4370 in) respectively. The bend radii at the magnet centers are 84 m and 95.2 m respectively.

Table 2: Electron Clearing Magnets #2 and #3 Summary

	
	EC Magnet #2
	EC Magnet #3

	Magnet length (in)
	21
	28.5

	Magnet aperture (in)
	3.75
	5.25

	Hall probe measurement  at pole face (T)
	.14
	.17

	Remanent field value used for FEA model (T)

(ceramic material)
	.36
	.36

	Coercive force used for FEA model (A/m)
	270,263
	270,263

	Recoil permeability
	1.06
	1.06

	Perpendicular permeability
	1.1
	1.1

	FEA model field at pole face (T)
	.140
	.178

	FEA model minimum horizontal dipole field  within a ( 3.0 inch aperture (T), Bmin
	.104
	.0917

	Assumed dipole field value for EC #3 magnet design (T)
	.10
	.09

	Max. bend radius for 3 GeV beam (m), ρmax
	100
	111

	Center bend radius for 3 GeV beam (m)
	84.0
	95.2

	Total bend angle through magnet at max radius (rad) ρmin
	.0053
	.0065

	Distance from start of magnet to aperture mask (in)
	141.38
	114.32
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Figure 17:  Flux line plot for EC #2 dipole, 2-D full model
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Figure 18:  Flux contour for EC #2 dipole, dipole field component Bx, 2-D full model
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Figure 19:  Flux line plot for EC #3 dipole, 2-D full model
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Figure 20:  Flux contour for EC #3 dipole, dipole field component Bx, 2-D quarter model
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Figure 21: B-H curve for a ceramic permanent magnet material

Beam trajectory and beam loss: Figure 22 and 23 and additional “as built” figures in appendix D show the resulting loss points for the 3 GeV injected beam due to the action of the EC magnets: 1) upstream of the loss mask, 2) on the surface of the aperture mask just below the aperture, 3) on the surface of the aperture mask just above the vacuum spool, and 4) upstream from the surface of the aperture mask in the vacuum spool. This last lost point assumes that the injected beam is horizontally angled as it passes the loss mask. As the beam is bent down it will start to be lost on the beam pipe and could be lost from this point and downstream to the aperture mask. The distance from this loss point to the aperture mask is 38.1 inches. Also this trajectory, shown in yellow, is to account for a stronger magnet strength. 
The magnet strength for the real magnets will be somewhat stronger for two reasons: 
1) EC #2 and EC #3 strengths are based on 2-D models of measurements made on an actual, 3-D magnet. Due to fringing effects on the end, a 3-D magnet will give a lower field reading than the 2-D FEA model of the same magnet. However, the magnet’s integrated strength will equal or slightly exceed that of the 2-D model. So by matching the 3-D measured fields with the 2-D magnet model, the integrated field of the magnet is actually lower than the real magnet. The bend radii of the two magnets are too large and thus conservative in the sense that the beam will actually be lost below the loss point shown on the aperture mask. 
2) As the beam bends and travels through the center of the magnet it will experience stronger bending fields and thus a smaller bend radius than the minimum field/maximum bend radius used to calculate trajectories, so an additional trajectory past the beam loss mask was added. This trajectory assumes that the injected beam experiences the bending field at the center of all three EC magnets, giving a steeper vertical angle past the loss mask. 
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Figure 22: Elevation section of injected beam trajectories through the EC magnets

(refer to appendix D for additional “as built” figures)
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Figure 23: Elevation section of the injected beam trajectories at the aperture mask for a 3 GeV beam
(refer to appendix D for additional “as built” figures)

Aperture Mask and Cold Finger Masks

The aperture mask and cold finger are show in Figure 23. The aperture mask is made from 1.38” thick copper with a 1.15” X 2.0” aperture. The copper cold finger width covers the 3.5 mrad horizontal fan of the aperture mask acceptance. The height of the cold finger is .315” and the X-ray height is approximately .114” at this location.

Flat Mirror, UHV Window, and Shield Wall Penetration

The flat mirror, M0, UHV window and shield wall penetration are shown in Figure 24 and 25. The flat mirror is made from single crystal silicon and coated with .06 µm of Rhodium.  The UHV window #1 is .25” thick and made from fused silica with an anti-reflection coating. The shield wall penetration is 6” in diameter at an angle of 29° to the wall face, 42” off the floor. The light pipe is has an outside diameter of Ø 5.0 x .083 wall, made from 304 stainless steel.
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Figure 24: Elevation (rotated 60°) and plan section views of the M0 mirror and ultra high vacuum (UHV) UV window

(refer to appendix D for additional “as built” figures)
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Figure 25: Plan section of the SLM beamline and elevation view of shield wall penetration

(refer to appendix D for additional “as built” figures)

Bldg. 120 Optics and Shielding

The building 120 optics and shielding are shown in Figure 26. Light passing through the shielding wall and into the bldg. 120 control room then passes through a UV window and is reflected by two flat mirrors at 6.5 degrees incidence to normal. The light then passes through another UV window and is reflected and focused by two spherical mirrors. The light is then split and imaged by a CCD and streak camera.
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Figure 26: Plan section of the bldg. 120 control room optics and shielding

IV. Beam Loss Shielding Requirements and Implementation

The radiation studies performed by J. Liu and S. Rokni to define the beam loss shielding requirements are described in document RP Note 02-01.  The shielding requirements are generated from this document.

SLM Injected Beam Shielding Requirements

The loss points for injected beam down the SLM beamline may be summarized as follows in decreasing order of likelihood of occurrence. All loss points are assumed to be vertically at or bellow the height of the injected beam trajectories. Horizontally the losses are defined by the horizontal acceptance of the absorbers and the diameter of the vacuum spool:

1. on the absorber surface 

2. on the loss mask and upstream to the limiting aperture, inside the EC magnets

3. on the limiting aperture

4. on the face of the aperture mask and upstream 38.1” from the mask on the spool

For any of these loss points, the requirement for the shielding may be summarized as follows:

5. The ratchet shielding wall which is nearly perpendicular to the nominal beam path must be shielded vertically from the floor to the roof block and horizontally within a +/- 12° horizontal fan from the loss point and shower initiation. The shield attenuation must be equivalent to 8” of lead.

6. The beamline 1 penetration shall be shielded with a minimum of the equivalent of 4” of lead.

7. The 6” diameter SLM penetration through the shielding wall will be shielded with a minimum of the equivalent of 2” of lead from rays emitting from the SPEAR3 ring and SLM beamline losses.

8. The light pipe into bldg. 120 will be shielded with 0.5” of lead in a line of sight to the M0 mirror. (see next section)

SLM Injected Beam Shielding Implementation

The shielding implementation for the injected beam loss for each loss point can be shown graphically using ray constructions. The overall shielding layout for the injected beam loss is shown in Figure 27. Note the SLM penetration and the BL1 penetration through the ratchet wall. Lead shielding bricks are shown in bold red. The brick dimensions are 2” X 4” X 8”. The four main shielding walls (#1, #2, #3, #4) are shown along the beamline.
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Figure 27: Plan section of SLM beamline with shielding

(refer to appendix D for additional “as built” figures)

Losses on the absorber: Figures 28 and 29 show the rays and shielding for losses on the absorber. The lost injected beam ray construction assumes:

· The rays to the roof block and floor are terminated 4” toward the SPEAR3 side from the actual shielding wall to roof block or floor joint. This is to provide margin for the shielding wall location.

· As a worst case the BL1 penetration (2’ X 2’) is assumed to have no internal shielding.

· Future shielding implemented in BL1 is not included in shielding thickness calculations.
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Figure 28: Plan section of the absorber, loss point rays, and shielding

(refer to appendix D for additional “as built” figures)
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Figure 29: Elevation section of the absorber, loss point rays, and shielding

(refer to appendix D for additional “as built” figures)

Losses upstream of the loss mask to EC #1 magnet: Figures 30 and 31 show the rays and shielding for the losses upstream of the loss mask. Figure 32 shows a vertical section through shielding walls #1, #2, and #3, taken perpendicular to the axis of the beamline. This shows the “framing” of the vacuum spool with lead shielding bricks.
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Figure 30: Plan section of the loss mask to EC #1 magnet, loss rays, and shielding

(refer to appendix D for additional “as built” figures)
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Figure 31: Elevation section of the loss mask to EC #1 magnet, loss rays, and shielding

(refer to appendix D for additional “as built” figures)
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Figure 32: Elevation section perpendicular to the beam axis through the shield walls (#1, #2, #3), e- beam into page (refer to appendix D for additional “as built” figures)
Losses on the face of the aperture mask: Figures 33 and 34 show the rays and shielding for beam losses on the face of the aperture mask and 38.1” upstream. Figure 35 shows a vertical section, perpendicular to the beam path through the shielding at the post and at shield wall #4. 

Figure 34 shows that a 3.3 GeV with a worst case trajectory into the first electron clearing magnet and that experiences the minimum bend field from the EC magnets would pass through the aperture mask and be lost on the downstream beamtube.
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Figure 33: Plan section of the aperture mask, loss rays, and shielding
(refer to appendix D for additional “as built” figures)
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Figure 34: Elevation section of the aperture mask, loss rays, and shielding (post not shown)

(refer to appendix D for additional “as built” figures)
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Figure 35: Elevation section perpendicular to the beam axis, taken through the post and through shield wall #4

(refer to appendix D for additional “as built” figures)

Penetration Shielding for Spear 3 Ring Beam Loss and BL1 injection stopper loss: Figure 36 shows the shielding around the 6” diameter SLM penetration through the shield wall. This shielding prevents Spear 3 loss from shining through the shield wall.
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Figure 36: Plan section view of shield wall penetration and beam path ray traces

(refer to appendix D for additional “as built” figures)

Bldg. 120 Shielding Requirements (refer to appendix C and figure 37)
The requirements for the building 120 shielding may be summarized as follows:

· Two flat mirrors at near normal incidence are to be used to attenuate scattered X-rays.

· These flat mirrors will be enclosed by a minimum of 0.125” of lead.

· A shutter of 7/8” thick Pb and 3.5” of Cu will be provided before the flat mirrors. The shutter housing will be surrounded by a minimum of 0.125” lead.

· A minimum of 0.5” thick lead will be placed in line of sight to the M0 mirror for secondary scatter off M0.

· UV filters or other UV protection scheme will be provided in the building 120 control room.

Bldg. 120 X-ray Attenuation and Shielding Implementation (refer to appendix C and figure 37)
As the light enters bldg 120 it immediately passes through a 0.25” thick fused silica window that separates either two inert atmospheres (e.g., dry nitrogen) or rough vacuum from dry nitrogen. A lead-lined (0.125” lead) beam pipe equipped with a shutter (shown horizontal but could be oriented vertically) and a UV filter port leads into an enclosure for the two flat mirrors, M1 and M2. The two reflections of these mirrors attenuate the X-ray scatter off the M0 mirror. Any scatter off M1 and M2 is then contained within the 0.125” stainless steel enclosure that is lined with 0.125” lead sheet. A lead mask prevents scatter off the first flat mirror (M1) from shining through the exit window of the enclosure.  A 1” lead block outside the enclosure, in the line of sight to the M0 mirror is provided to absorb any secondary scatter off the M0 mirror. Another 0.25” fused silica window is provided at the exit of the enclosure.
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Figure 37: Plan section of bldg. 120 flat mirrors, radiation enclosure, and shielding

(refer to appendix C for additional “as built” figures)

V. Conclusion

The synchrotron light monitor presents several radiation issues: protecting the ratchet wall from radiation due to injected beam loss, shielding the additional shield wall penetration from radiation loss, and attenuating and shielding the X-ray scatter losses off the M0 mirror in bldg. 120. A combination of electron clearing magnets and lead shielding meets the requirements of the ratchet wall and penetration shielding. Two flat mirrors and a lead lined enclosure meet the requirement for shielding the X-ray scatter. A 1” shutter is provided in building 120 along with a port to insert UV filters as needed for UV protection.

Implementation will involve placing the shielding and components as per this document and measuring the integrated bend strength of the electron clearing magnets to confirm their strength.

APPENDIX A
9. Updated plan views, shielding locations and loss rays

10. Figures A-38 thru A-41

11. Electron clearing magnet results, dipole field measurements

12. Figures A-42 thru A-44
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Figure A-38: Revised plan section of SLM beamline with shielding, non-operation (refer to Fig. 27) 

(refer to appendix D for additional “as built” figures)
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Figure A-39: Revised plan view of absorber, loss points, and shielding, non-operation (refer to fig. 28)

(refer to appendix D for additional “as built” figures)
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Figure A-40: Revised plan section of  loss mask to EC #1, loss rays, and shielding (refer to fig. 30)

(refer to appendix D for additional “as built” figures)
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Figure A-41: Revised plan view of  aperture mask and shield wall penetration, loss rays and shielding (refer to fig. 33 and fig. 36)  (refer to appendix D for additional “as built” figures); the SLM penetration is shielded from Spear 3 ring and BL1 e- beam losses by at least 2” of Pb
Magnet Name: EC1

Serial Number: 

Run Number: 1

Measurement Device: 10 wire

Operator: sa

Comment: Integrated Strength.  Wire centered in x and y.  North pole on bottom.

Test Currents (A):

       0.0

                Integrated Field Strength

Distance the wire was moved = 0.010000 m

Number of turns in the wire = 10

Number of measurements for averaging = 4

   Imag    sigImag       BL       sigBL        BL/I     sigBL/I   

   (A)       (A)        (Tm)       (Tm)       (Tm/A)    (Tm/A)    

---------+---------  ----------+----------  ----------+---------- 

    0.000     0.000    0.192727   0.000005   0.0000000  0.0000000

Figure 42: EC #1integrated dipole field measurement at x=y=0 
(refer to Table 1 and fig. 14; BL (0,0)  = .393 T x 19” x .0254 = .190 T-m)
Magnet Name: EC2
Serial Number: 

Run Number: 1

Measurement Device: 10 wire

Operator: sa

Comment: BL vs X at x & y = 0 (center of magnet).  Temp on pole = 19.7 C start, 20.0 Finish.

Test Currents (A):

       0.0

        Integrated Field Strength vs X

Distance the wire was moved =  0.010000 m

Number of turns in the wire = 10

Number of measurements for averaging = 4

     X0        Imag    sigImag      BL    sigBL   

    (m)        (A)       (A)       (Tm)    (Tm)   

 ----------  --------+--------  --------+-------- 

  -0.040000     0.000    0.000   0.06064  0.00001

  -0.030000     0.000    0.000   0.06578  0.00001

  -0.020000     0.000    0.000   0.06935  0.00001

  -0.010000     0.000    0.000   0.07138  0.00001

   0.000000     0.000    0.000   0.07200  0.00001

   0.010000     0.000    0.000   0.07131  0.00001

   0.020000     0.000    0.000   0.06918  0.00001

   0.030000     0.000    0.000   0.06543  0.00001

   0.040000     0.000    0.000   0.06007  0.00001

Figure 43: EC #2 integrated dipole field measurement at x=y=0 
(refer to Table 2 and fig. 18; BL (0,0)  = .119 T x 21” x .0254 = .063 T-m)

Magnet Name: EC3

Serial Number: 

Run Number: 1

Measurement Device: 10 wire

Operator: sa

Comment: BL vs X at x & y = 0 (center of magnet).  Temp on pole = 24.8 C start, 24.8 Finish.

Test Currents (A):

       0.0

        Integrated Field Strength vs X

Distance the wire was moved =  0.010000 m

Number of turns in the wire = 10

Number of measurements for averaging = 4

     X0        Imag    sigImag      BL    sigBL   

    (m)        (A)       (A)       (Tm)    (Tm)   

 ----------  --------+--------  --------+-------- 

  -0.040000     0.000    0.000   0.07059  0.00001

  -0.030000     0.000    0.000   0.07586  0.00003

  -0.020000     0.000    0.000   0.07969  0.00002

  -0.010000     0.000    0.000   0.08189  0.00001

   0.000000     0.000    0.000   0.08250  0.00002

   0.010000     0.000    0.000   0.08151  0.00001

   0.020000     0.000    0.000   0.07895  0.00001

   0.030000     0.000    0.000   0.07476  0.00001

   0.040000     0.000    0.000   0.06914  0.00003

Figure 44: EC #3 integrated dipole field measurement at x=y=0
(refer to Table 2 and fig. 20; BL (0,0)  = .105 T x 28.5” x .0254 = .076 T-m)
APPENDIX B- Solid Model Images of SLM
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APPENDIX C: SLM Shielding External to SPEAR3 Shielding Wall
This section covers radiation shielding for the synchrotron light diagnostic beamline outside the concrete tunnel walls. As calculated in RP 02-01, the ionizing radiation hazards are due to x-ray Compton scattering in the substrate of the MO mirror, under high-current, mis-steer conditions. Figure C-1 shows the ray traces emanating from the M0 mirror. Wide-angle rays that do not intercept 50% of the concrete wall terminate on a ½ inch thick Pb plate mounted to the outside of the wall (Figure C-2). Progressively smaller angle rays are intercepted at grazing incidence by a 1/8 inch Pb wrap on the beam transport tube (Figure C-2).

As indicated in Figure C-3, rays confined to the beam transport tube are horizontally collimated by a pair of ¾ inch thick Pb wingwalls installed in the transport tube. Also shown is the main beam stopper featuring a 7/16 inch thick Pb cylinder on a pneumatic plunger. The cylindrical stopper shown in the figure is redundantly interlocked to the top of the main radiation shield box via a standard SSRL hutch protection system (HPS) as part of the global SPEAR3 PPS system. 

Figure C-4 shows a schematic of the collimated rays as they enter the main radiation shielding box. The primary synchrotron radiation beam is reflected by two near-perpendicular bounces from the M1, M2 mirrors, respectively. The two-bounce mirror system rejects any stray x-ray component remaining in the beam or from electron beam Bremsstrahlung on the background gas. (Recall that both components must survive 18 deg incidence on the M0 mirror). Also shown in Figure C-4 is the ½-inch Pb backing plate that blocks residual transmission through M1. The radiation shielding box supplies, in addition to the required ½ Pb plate, another 1/8-inch Pb and 3/16 steel shielding component. 

Both the input and exit windows are 6.75” conflat flanges with 1 cm thick quartz (SiO2) windows in order to transmit UV light. Initial operation of the SLM experiment will include a UV-blocking window (<390 nm extinction) locked in the radiation box. A BSOIC interlocked to the main SPEAR 3 PPS system is located next to the SLM beam line shutter.

Access to the Pb-lined radiation shielding box requires lockdown of the shutter in the closed position with an SSRL master key. The interlock system consists of redundant switches on the lid of the optical hutch and on the shutter slide mechanism. The interlock electronics include a standard SSRL hutch protection chassis (HPS). Any interlock logic violation interrupts RF power to SPEAR.

SLM optical hutch lock-out procedure:

1. lock down SLM shutter with SSRL master safety key.

2. turn off He flow to SLM optical hutch.

3. remove locks from lid of SLM optical hutch (SSRL master key).

4. remove ~10 ea bolts from lid of SLM optical hutch.

5. document lock-down in SLM beam line log book.

To re-commission optical hutch, reverse procedures 1-4 with confirmation check before opening shutter to ensure proper He flow and RF permit. Document actions taken.
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Figure C-1: Engineering plan view of SLM beam line exit pipe through SPEAR shielding wall. Ray traces emanating from M0 mirror for (a) intercept half way through concrete wall (see figure C-2 below) and (b) rays passing though evacuated beam transport tube (see figure C-3, 4 below).
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Figure C-2: Schematic taken from engineering ray-trace drawing C-1 indicating termination of worst-case rays on 1” Pb shield.
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Figure C-3: Engineering ray-trace indicating termination of rays on ¾ inch thick Pb wingwalls and 2 x 7/16 inch thick Pb stopper. 3-1/2 inch stopper core is primarily solid copper. 
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Figure C-4: Schematic taken from engineering ray-trace drawing C-1 indicating termination of un-collimated rays on 1/2 inch Pb backing plate in shielding box. 

APPENDIX D: SLM “as built” Figures
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Figure D-1: “As-built” elevation section view of SLM beamline prior to first electron clearing magnet showing collimator limiting aperture and components (refer to figure 7) 
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Figure D-2: “As-built” plan section (rotated 60°) view of SLM beamline prior to first electron clearing magnet showing components (refer to figure 8) 

[image: image55]
Figure D-3: “As-built” elevation section of injected beam trajectories through the EC magnets (refer to figure 22)
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Figure D-4: “As-built” elevation section of the injected beam trajectories at the aperture mask for a 3 GeV beam (refer to figure 23); 3.3 GeV beam also shown
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Figure D-5: “As-built” plan section (rotated 60°) views of the M0 mirror and ultra high vacuum (UHV) UV window (refer to figure 24)
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Figure D-6: “As-built” plan section (rotated 30º) of SLM beamline with shielding (refer to figure 27)
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Figure D-7: “As-built” plan section of the absorber and shielding (refer to figure 28)
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Figure D-8: “As-built” elevation section of the absorber and shielding (refer to figure 29)
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Figure D-9: “As-built” plan section of the loss mask to EC #1 magnet and shielding (refer to figure 30)
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Figure D-10: “As-built” elevation section of the loss mask to EC #1 magnet and shielding (refer to figure 31)
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Figure D-11: “As-built” elevation section perpendicular to the beam axis through the shield walls (#1, #2, #3) (refer to figure 32, e- beam “into page”)
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Figure D-12: “As-built” plan section (rotated 60º) of the aperture mask and shielding (refer to figure 33)
[image: image65.png]



Figure D-13: “As-built” elevation section of the aperture mask and shielding (post shown) (refer to figure 34)
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Figure D-14: “As-built” plan section view (rotated of shield wall penetration and beam path ray traces (refer to figure 36)
APPENDIX E:
13. Shielding List

14. Shielding Photographs
15. List of Apertures and Collimators
Table E-1: SLM Shielding List and Description (Operational Mode, except as noted)

	Shielding Name
	Shape/Description/Location
	Dimensions

(in)

	Stack 1_a
	Rectangular at +X side

Z start = 6” ; Z end = 14”
	rectangle:  Δx =1, Δy =4, Δz =8

	Stack 1_b
	Rectangular at +X side

Z start = 21” ; Z end = 29”
	rectangle:  Δx =8, Δy =8, Δz =8

	Stack 2
Non operational mode
	Temporary rectangular at the center 

Z start = 77” ; Z end = 85” 
	rectangle:  Δx =8, Δy =8, Δz =8

	Stack 2 +Y top


	Horizontal laying rectangular

Z start = ; Z end = 
	rectangle:  Δx =8, Δy =2, Δz =8

	Stack 2 –Y bottom


	Horizontal laying rectangular below beam line

Z start =  ; Z end = 
	rectangle:  Δx =8, Δy =2, Δz =8

	Stack 3 –X side
	Vertical rectangular wall at –X side

Z start = 97” ; Z end = 123”
	rectangle:  Δx =2, Δy = 14, Δz =24

	Stack 3 –Y bottom
	Horizontal laying rectangular wall below beam line 

Z start = 97” ; Z end = 115”
	rectangle:  Δx =12, Δy =2, Δz =16

	Stack 4 –X  side


	Vertical rectangular wall at –X side

Z start = 125” ; Z end = 149”
Vertical rectangular wall at –X side

Z start =149”  ; Z end =153” 
	rectangle:  Δx =2, Δy = 22, Δz =24
rectangle:  Δx =2, Δy =22, Δz =4

	Stack 4 –Y bottom
	Horizontal laying rectangular wall below beam line

Z start = 126.5” ; Z end = 134.5”
	rectangle:  Δx =12, Δy =2, Δz =8

	Stack 5_a
	Horizontal standing rectangular wall at –X side

Z start = 249.5” ; Z end = 253.5”
	rectangle:  Δx =16, Δy =8, Δz =4

	Stack 5_b +Y top
	Rectangular at –X side

Z start = 256” ; Z end = 264”
	rectangle:  Δx =4, Δy =6, Δz =8

	Stack 5_b –Y bottom
	Rectangular below beam line 

Z start = 256” ; Z end = 264”
	rectangle:  Δx =16, Δy =8, Δz =8

	Stack 6
	Rectangular at +X side

Z start = 307.5” ; Z end = 311.5”
Rectangular at +X side

Z start = 311.5” ; Z end = 312.5”
	rectangle:  Δx =6, Δy =8, Δz =4
rectangle: Δx =6, Δy =10, Δz =1

	Stack 7
	Vertical rectangular wall at –X side

Z start = 335” ; Z end = 355.5”
	rectangle:  Δx =4, Δy =8, Δz =20.5

	Shield Wall #1
	rectangular with rectangular aperture

Z start = 155.5” ; Z end = 163.5”
	rectangle:  Δx =14 , Δy =18, Δz = 8
Aperture: Δx = 6 , Δy = 6 Δz =8

	Shield Wall #2a
	rectangular with rectangular aperture

Z start = 182.5” ; Z end = 190.5”
	rectangle:  Δx =14, Δy =21, Δz =8

Aperture: Δx = 6.5  , Δy = 7 Δz =8

	Shield Wall #2b
	Vertical rectangular wall at –X side

Z start = 193” ; Z end =  201”
	rectangle:  Δx =2, Δy =8, Δz =8

	Shield Wall #3
	rectangular with rectangular aperture

Z start = 218.5” ; Z end = 226.5”
	rectangle:  Δx =16, Δy =22.5, Δz =8

Aperture: Δx = 6.5 , Δy = 7 Δz =8

	Shield Wall #4
	Horizontal standing wall at –X side

Z start = 312.5” ; Z end = 320.5”
	rectangle:  Δx =20.5, Δy =22, Δz =8




Shielding Photos 
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Figure E-1: picture of stack 1_a.


Figure E-2: picture of stack 1_b.
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Figure E-3: picture of stack 2, 

non-operational mode.
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Figure E-5: picture of stack 3.



Figure E-6: picture of stack 4.
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Figure E-7: picture of stack 5_a.
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Figure E-8: picture of stack 5_b +y and 5_b -y.
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Figure E-9: picture of stack 6.



Figure E-10: picture of stack 7.
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Figure E-11: picture of Shield Wall #1.
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Figure E-12: picture of Shield Wall #2_a. 

Figure E-13: picture of Shield Wall #2_b.
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Figure E-14: picture of Shield Wall #3.

Figure E-15: picture of Shield Wall #4.
3: SLM Aperture and Collimator List

Moving from the source point in the direction of the photon beam there are 6 apertures and collimators that must be in place for beam line operation:

1. Absorber: water-cooled
2. Electron beam collimator (added 8/05)

3. Beam loss mask

4. Aperture mask: water cooled
5. Cold finger: water-cooled
6. M0 mirror: water-cooled
APPENDIX F:
List of Shielding Modifications based on A. Prinz Ray-Trace Review

1) push Stack 5A over in +X to overlap 5B to increase protection of BL1 penetration through tunnel wall.

2) increase height of Stack 5A by 2" to block ceiling rays propagating over Stack 5A. 

3)add bricks on top of cold finger support until they overlap Stack 5A to block floor rays under Stack 5A. 

4) increase height of Stack 5B by 4" to block ceiling rays over Stack 5B.

5) change 1" polycarb to lead at Stack 5B  to provide more protection for mouth of slm penetration through concrete tunnel wall. 

6) add 2" brick to downbeam side of Stack 6 to block spear loss to mouth of slm penetration through concrete tunnel wall on +X side. 

7)after EC#1 installation, add bricks between EC#1 and sextupole, -X side to block rays to floor and ceiling over BL1 walls. 

8)wrap light pipe from exit of slm tunnel penetration into slm laboratory with 1/8" Pb wrap into bldg. 120 to protect against Compton scatter products in M0. (NOTE: This shielding component already specified prior to ray trace study).

Number of 2x4x8 Pb bricks required

item

number bricks

1

-

2

2

3

4

4

2

5

1

6

1

7

2

8

1/8 in Pb wrap



total bricks: 12
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flat mirrors, M1 & M2





Pb block, ½” thick





1/8” Pb shielding around enclosure





STACK 1_b





STACK 1_a





STACK #2 (non-operation)








1/8” thick Pb around enlcosure





1/8” thick Pb wrap





.5” Pb external shield plate





7/8” Pb/3.5” Cu shutter stopper





.5 inch thick





2 places  ¾” X ½” thick wingwalls





1/8” thick Pb wrap





7/16” radially thick Pb stopper





collimated rays from M0





SR fan





Stack 2 +Y





Shield Wall #1





Stack 4 –Y 





Stack 3 –Y 





Stack 2 –Y 





aperture mask





3.0 GeV beam (cyan)





3.3 GeV beam (white)





Shield Wall #4





Stack 5_b    +Y





Stack 6





UHV UV Window





Stack 2 –y (far side) 





Stack 7





Shield Wall #4





Stack 6





Stack 5_b +Y 





Stack 5_a





Shield Wall #2_b





Shield Wall #3





Shield Wall #1





Shield Wall #2_a





Stack 4 –X 





Stack 3 –X 





Stack 1_b





Stack 1_a





Stack 1_a





Stack 1_b





Stack 3 –X 





Stack 3 –Y   





Stack 2 +Y  





Stack 2 –Y   





Stack 5_b +Y





Stack 3 –X 





Shield Wall #2_b





Stack 5_a





Shield Wall #3





Shield Wall #1





Shield Wall #2_a





Stack 4 –X 





Shield Wall #2_b





Stack 2 +Y  





Stack 3 –Y   





Shield Wall #3





Shield Wall #2_a





Shield Wall #1





Stack 4 –Y   





Stack 2 –Y   





�





shield wall #2,


(e- beam out of page)





shield wall #1,


(e- beam into page)





Shield Wall #4





Stack 6





Stack 7





Shield Wall #3





Stack 5_a





Stack 5_b +Y 





aperture mask





Stack 5_b -Y 





Stack 5_b +Y 





Stack 5_b


+Y





Shield Wall #2_a





Shield Wall #3





Stack 5_a





Stack 7





Stack 6





Shield Wall #1





Shield Wall #2_b





Shield Wall #4





BL1 injection stoppers
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