TRANSFORMATIONS FOR CRIS AND SIS COORDINATESACE Memo ID: 1997.01.10.BLD.a (JPL/C+S/coordinate transformations)From: Brian L. Dougherty(bld@heag1.jpl.nasa.gov)To: CRIS/SIS Data Analysis TeamsDate: 10 Jan. 1997inre: Coordinate systems and the transformations between them are reviewed for both theCRIS and SIS arrays. The adjustments needed for non-ideal geometries are also described.INTRODUCTIONTwo coordinate systems are defined on each CRIS or SIS detector. The first is"hodo space" and is placed on a complete array of hodoscope and silicon detector elements.The second is "map space", placed on each individual detector. Hodo space is used tospecify the trajectory of a particle through a CRIS or SIS array. Such a trajectory isprojected from hodoscope coordinates alone. Map space is used to specify the dead layerand total thickness of each detector at that point where a particle penetrates. Separate databases of interferometry, alpha-particle, and nuclear-beam measurements are recorded in thisspace. ACE memos concerning these coordinate systems can be found in [1], [2], and [3].Transformations between hodo and map space are needed. Such relationships canbe quite complicated depending on how many adjustments are required to correct fordeviations from the ideal goemetry. (The nominal hodoscope-stack geometry ischaracterized by parameters like stack-detector positions, and global offsets and rotations.For an ideal array, all detectors are flat, parallel, coaxial and oriented alike. Deviationsoccur via machining inaccuracies and tolerances.) In general, details of the hodo/maptransformations depend on trajectory projection uncertainties and thickness gradients acrossthe stack detectors.In the following, hodo-space coordinates are distinguished by using capitol letters,with primed/unprimed letters denoting hodoscope/stack detectors respectively. Map-spacecoordinates are in lower case. Cartesian systems are used throughout.

COORDINATE SYSTEM TRANSFORMATIONS FOR IDEAL ARRAY GEOMETRIESRecall that for both CRIS and SIS the global coordinate system is arranged with thepositive Z axis pointing out of the array through the hodoscope. The Z = 0 origin is takenat the lower-most hodoscope plane; i.e. Z3’ = 0 for CRIS, with the other scintillating fiberplanes lying at Z2’ and Z1’ (whereas Z2’ = 0 for SIS, with the top-most matrix detectorlying at Z1’), and below these lie 15 silicon stack detectors whose top-most surfaces are atZ1, Z2, Z3, ... successively. The Z axis, which runs normal through the detector planes[where (Xi’,Yi’) = (Xi,Yi) = (0,0) for all i] is centered on a post in CRIS which is beyondthe edge of the hodoscope, but for SIS it passes up through the center of each stack.Suppose a particle enters an array along a trajectory defined by the coordinates(X1’,Y1’,Z1’) and (X2’,Y2’,Z2’) derived from two hodoscope planes. This trajectoryextrapolates through each stack detector’s top-most surface at coordinates (Xi,Yi,Zi), withXi = [X1’(Zi - Z2’) - X2’(Zi - Z1’)]/(Z1’ - Z2’)Yi = [Y1’(Zi - Z2’) - Y2’(Zi - Z1’)]/(Z1’ - Z2’)and where Zi goes to Zi - (detector thickness) for extrapolations through the bottom-mostdetector surface. The depth of material traversed in each silicon detector is a factorsecQ = [(X1’ - X2’)2 + (Y1’ - Y2’)2 + (Z1’ - Z2’)2]1/2/(Z1’ - Z2’)more than the thickness of that detector at that (Xi,Yi). This same factor applies to deadlayer corrections.Look-up data tables must then be incorporated that describe maps of the totalthickness and dead layers on the upper and lower faces of each silicon detector. In order tointerpolate this data at the correct position in map-space (x,y), a transformation must bemade from stack coordinates (X,Y). For an ideal array the transformation is given byxi = Ii[(Xi - Xo)cosFo + (Yi - Yo)sinFo]yi = -(Xi - Xo)sinFo + (Yi - Yo)cosFoHere (Xo,Yo) and Fo are global parameters (valid throughout the stack), and Ii is a signthat indicates whether a particular detector is "upside down" in hodo-space with respect tomap-space. (Xo,Yo) are offsets needed to register the map-space origin with the stackorigin defined by the hodoscope. The angle Fo is the amount by which every detector isrotated asymuthally about the stack axis: and we know that Fo = 0 for CRIS, whereasFo = p/4 for SIS. A list of nominal parameters are reproduced from [1] and [2] below.

NOMINAL PARAMETERS FOR CRIS AND SIS GEOMETRY

CRIS-A

CRIS-B

CRIS-C

CRIS-D

SISXo +7.57 cm +7.57 cm+19.63 cm+19.63 cm0 cmYo+19.63 cm +7.57 cm+19.63 cm +7.57 cm0 cm

CRIS-ID Z IiZ1X’H1X+7.31 cm *Z-positions in the SOFT hodoscope areZ1Y’H1Y+7.29 *given at the middle of each fiber plane.Z2X’H2X+3.37 *Fibers are 0.020 cm thick.Z2Y’H2Y+3.35 *Z3X’H3X+0.03 *Z3Y’H3Y+0.01 *Z1E1-1.59+E2, E3-2, E4-2, E5-2, E6-2, E7-2, E8-2,Z2E2-2.00 -and E9 are oriented with their junctionZ3E3-1-2.64+sides facing downward.Z4E3-2-2.99 -Z5E4-1-3.47+For CRIS, we have the ideal relation ...Z6E4-2-3.81 -xi = Ii(Xi - Xo)Z7E5-1-4.57+yi = (Yi - Yo)Z8E5-2-4.92 -Z9E6-1-5.40+Z10E6-2-5.74 -Z11E7-1-6.44+Z12E7-2-6.79 -Z13E8-1-7.27+Z14E8-2-7.61 -Z15E9-8.03 -

SIS-ID Z IiZ1’M1+6.00 cm -All except M2 are oriented with theirZ2’M2+0.00+junction sides facing downward.Z1T1-0.64 -Z2T2-0.96 -For SIS, we have the ideal relation ...Z3T3-1.59 -xi = Ii(Xi + Yi)/�2Z4T4-1.91 -yi = (Yi - Xi)/�2Z5T5-2.48 -Z6T6-1-2.80 -Z7T6-2-3.11 -Z8T6-3-3.43 -Z9T7-1-4.03 -Z10T7-2-4.35 -Z11T7-3-4.67 -Z12T7-4-4.99 -Z13T7-5-5.43 -Z14T7-6-5.74 -Z15T8 -6.06 -

ADJUSTMENTS FOR NON-IDEAL DEVIATIONS ON INDIVIDUAL DETECTORSThere are many small adjustments that may be needed for each individual detector,and that fix the exact relationship between hodo space and map space. A detector could beoffset from its nominal position in all three dimensions, and it could be rotated a bit more orless beyond Fo. It may also be tilted out of normal with respect to the stack axis. Finally,a detector may not be flat, but bowed or warped. There are two kinds of deviations thatplay a role here: (1) fixed differences from the ideal, due to vagaries of detector positioningin mounts, module machining inaccuracies, etc., and (2) random uncertainties due tosloppiness in fixtures which affects the reproducibility when arrays are reassembled. In thefollowing, no distinction is made between these kinds of deviations since only after-the-factknowledge of actual geometries are of concern, when the arrays are reassembled for the lasttime.Given the mechanical precision and tolerances that characterize the construction ofCRIS and SIS, estimates can be made of the level of adjustment likely for each of theseparameters. Sandy Shuman’s estimates of extreme values for deviations are listed here...CRISSISCRISSIStwist:DFi< 0.1�< 0.1�DXi< 0.5 mm< 0.25 mmtilt:DQi< 0.1< 0.1�DYi< 0.5 mm< 0.25 mmwarp:DQi< 0.02�< 0.5�DZi< 0.25 mm< 0.25 mmThese are to be incorporated with the following extreme values of dead layer and totalthickness gradients measured on the actual flight detectors:CRISSISdead layer:�D (mm/mm)1.10.03total thickness:�T (mm/mm)1.80.25(SIS gradients refer to the thinnest detectors.) For both CRIS and SIS, total thicknessgradients dominate.To determine whether any particular deviation must be accounted for, use is madeof the relationship between isotope mass, detector thickness, and angle of incidence withrespect to the local normal noted in Mewaldt’s memo [4]: M � (TsecQ)-4/3. For errors inthickness DM » 4MDT/3T, and for errors in angle DM » 4MDQtanQ/3. The goal is to keepmass uncertainties resulting from these errors below about 0.05 amu for 70 amu particles.For the CRIS detectors (or the thinnest SIS detectors) thickness variations above 1.6 mm(0.05 mm), equivalent to displacements of 0.9 mm (0.2 mm) need to be followed. ForCRIS (SIS) the maximum angle of incidence is 60� (50�), so corrections for Q variationsabove 0.02� (0.03�) must be made, especially for the top-most detectors in each array.

Tilt angles of DQi = 0.1� clearly cannot be ignored. Let Yi be the angle about thestack axis where the tilt is at its maximum; i.e. where the detector edge dips the most belowits nominal plane at Zi. Suppose particles penetrate this detector along a trajectory definedby the angles (Q,F) where tanF = (Y1’ - Y2’)/(X1’ - X2’) and secQ is as defined above.To make a general first-order correction for the tilt, the thickness scale, secQ must bemultiplied by [1 - (DQi) tanQ cos(F - Yi)]. (See Appendix 1.)A bowed or warped detector is treated much like a tilted one. Instead of a constanttilt specified by DQi and Yi, however, a map of (DQi,Yi) across the detector is needed.CRIS detectors are so rigid that any bow or warp would have to be ground in place. Thethinnest SIS detectors are quite flexible, however, so their flatness must be checked.Deviations perpendicular to the Z axis include the displacements DXi and DYi, aswell as (DZi)tanQ, Ro(DFi), and Ro(DQi)tanQ where Ro is the detector radius (~50 mm inall cases). These do not warrant concern in CRIS. In SIS, the terms involving Ro arewithin ignorable tolerances, while the DXi and DYi terms are potentially sizable. (The DZiterms are treated differently; any such deviations found are absorbed back into the nominalZi values, so transformations between hodo and map spaces do not incorporate DZioffsets.) SIS transformations should then (provisionally) take the form:xi = Ii[(Xi - DXi) + (Yi - DYi)]/�2yi = [(Yi - DYi) - (Xi - DXi)]/�2GENERAL PROCEEDURES FOR FINDING ADJUSTMENTSA direct, empirical method of determining the level of adjustment required for Xi,say, is first to define a measure of the mass resolution ¶M, then slowly vary DXi until ¶Mreaches its minimum. Do the same for Yi, Zi, Fi, and (DQi,Yi), then iterate on the results.HODOSCOPE MISALIGNMENTS AND STACK ADJUSTMENTSIf one hodoscope plane is displaced in X, Y, or Z with respect to its nominalposition, then progressively larger DXi and/or DYi will appear in the stack adjustments. Ifone hodoscope is rotated out of alignment, then progressively larger DFi will appear. If allof the hodoscope planes are uniformly non-normal to the stack axis, then a common tilt willappear as well as progressive DXi and/or DYi adjustments. If however the hodoscopeplanes are not parallel with each other, then F-dependent adjustments will appear.

REFERENCES[1] CRIS geometry and global coordinate system 1997.01.10.BLD.a (JPL/CRIS/geometry,coordinate system)[2] SIS geometry and global coordinate system 1997.01.10.BLD.a (JPL/SIS/geometry,coordinate system)[3] Clarification of CRIS/SIS "BS Detector Coordinates" 1996.12.22.BRS.1 (CIT/C+S/detector coordinates)[4] Tolerances on Detector Alignment - Revised 20 October 1992 (SIS-#RAM92-002)APPENDIX 1: General Approach to Tilt AdjustmentsA plane may be defined via the parameters a, b, and c in the Cartesian equationaX + bY + cZ = 1or by specifying the angles (Qo,Fo) in polar coordinates which point in a direction normalto the plane, and adding Ro, the distance of closest approach of the plane to the origin.Since X = R sinQ cosF,Y = R sinQ sinF,andZ = R cosQ,we can convert between these specifications. The minimum of R is found bysimultaneously solving both ¶R/¶F = 0and ¶R/¶Q = 0,giving tanFo = b/aand tanQo = (a2+b2)1/2/c.Thus R[sinQo sinQ cos(Fo - F) + cosQo cosQ] = RoSuppose we have a plane defined by Z = H; i.e. (Qo,Fo) = (0,0) and Ro = H.Then the distance from the origin to any point on that plane is R = H secQ. Now let us tiltthe plane about the origin to (DQ,Y) where DQi » 0. The distance to the new plane, alongthe same (Q,F) as previously followed, is now given byR = H/[sin(DQ) sinQ cos(Y - F) + cos(DQi) cosQ]i.e. to first order, it is a factor of [1 - DQ tanQ cos(Y - F)] different than before.

APPENDIX 2: General DXi, DYi, DZi, DFi, and (DQi,Yi) DeviationsIf all deviations were relevant, the transformations would vary with each event:xi = Ii[ (Xi - Xo - Dxi) cos(Fo - DFi) + (Yi - Yo - Dyi) sin(Fo - DFi)]andyi = [-(Xi - Xo - Dxi) sin(Fo - DFi) + (Yi - Yo - Dyi) cos(Fo - DFi)],whereDxi = DXi + [DZi + Ri (DQi) cosYi] tanQ cosFandDyi = DYi + [DZi + Ri (DQi) sinYi] tanQ sinF,withRi = (xi2 + yi2)1/2 » [(Xi - Xo)2 + (Yi - Yo)2]1/2,Xi = [X1’(Zi - Z2’) - X2’(Zi - Z1’)]/(Z1’ - Z2’),Yi = [Y1’(Zi - Z2’) - Y2’(Zi - Z1’)]/(Z1’ - Z2’),secQ = [(X1’ - X2’)2 + (Y1’ - Y2’)2 + (Z1’ - Z2’)2]1/2/(Z1’ - Z2’),andtanF = (Y1’ - Y2’)/(X1’ - X2’).