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I have reviewed the design of the layout of the electron clearing magnet personnel protection system for the SPEAR3 synchrotron light monitor.  I conclude that the design is robust.  

During the course of the review three areas were identified requiring further study:

1. effect of hardware mis-alignments

2. effect of beam steering in the 4BD1 dipole magnet

3. effect of beam steering in the 4SD1 sextupole magnet

Each area was addressed to satisfaction in SSRL-ENG-NOTE M523.

The SLM uses the synchrotron radiation exit port for the injection straight.  There is a concern that if the dipole downstream of the injection straight were powered at some reduced field, the injected electrons could be sent down the SLM photon beamline and strike the M0 mirror.  Were this to happen with the maximum 5 Watts of injected beam, the calculated radiation levels outside the shielding wall would be 5 rem/hour until the BSOIC tripped.  To ensure that this could not happen, three electron clearing permanent magnets have been installed on the SLM photon beamline.  These clearing magnets would vertically deflect any electrons, so they would be lost on or before a limiting aperture (aperture #2) upstream of the M0 mirror.  The electrons would be lost for all possible incoming vertical steering of the electron beam.
The set of all possible incoming vertical mis-steers was defined by the exit of dipole chamber slot and by a limiting aperture (aperture #1) 2.691 meters further downstream.  The dipole chamber exit slot half aperture was taken to be 7.5 mm.  The half aperture is designed to be 6.5 mm, and 1 mm alignment tolerance was included.  The half aperture of aperture #1 is taken to be 23.22 mm, which is the design half aperture of 22.22 mm plus 1 mm alignment tolerance.
The clearing magnets kill the beam by steering it down, so the worst case ray that makes it past these two defining apertures is the one with the maximum y and y’ at aperture #1 – the one that leaves the dipole exit slot at -7.5 mm and reaches aperture #1 at +23.22 mm.  It is clear that this worst-case ray could actually never exist.  Immediately upstream of the exit from the dipole chamber slot, it would have y < -7.5 mm, so it would be lost in the dipole chamber.  The actual worst-case ray will be significantly smaller, and will depend on the details of the magnetic fields in the dipole.  To avoid the complication of considering all possible fields in the dipole, we’ll simply use this exaggerated worst-case ray.
The trajectory of this worst-case ray is shown in the following excel spread sheet.  The clearing magnets bend it down, so it hits aperture #2 with y = -29.1 mm, almost 4 mm beyond the edge of the 1-inch half aperture.  Any real ray would be lost at aperture #2 or upstream, with a margin considerably larger than 4 mm.
[image: image1.png]element Lim)  theta(mrad)s(m)  y(mm) y'{mrad) comments
dipole chamber siot exit i i i 7.5 1141563 6.5 mm half aperture + 1 mm alignment tolerance
straight 2691 0 2691 2322 11.41583
aperturs # i] 0 2691 2322 11.41583 22.22 mm half aperture + 1 mm alignment tolerance
straight 0.37241 0 308341 27.47137 11.41583
EC magnet # 0 -1535 3.06341 27.47137 -393417
straight 0.66218 0 372553 2486624 -3.93417
EC magnet #2 0 -6.543 372553 2486624 -10.4772
straight 0.78151 0 45071 1667823 -10.4772
EC magnet #3 0 -7.476 45071 16.676823 -17.9532
straight 255195 0 705905 -29.1374 -17.9532
aperture #2 0 0 705905 -29.1374 -17.9532 25.4 mm half aperture
Worst case trajectory
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The calculation assumes that the only magnetic fields the electrons see after leaving the dipole are from the clearing magnets.  The electrons do see a small deflection from traveling offset through the SD just downstream of the dipole.  For details, see note by Jack Tanabe.  The SD will steer the electrons down by 0.5 mrad, enhancing the effect of the clearing magnets.  Even if the SD were wired backwards and kicked the beam up, it is a small perturbation.  Any beam making it through the dipole would still be lost on or before aperture #2.
