page 1 of STAR Note #229STAR GeometryHoward Matis, Rene Bellwied, Detlef Irmscher, Peter Jacobs, Spencer Klein, TomLeCompte, Mike Lisa, Iwona Sakrejda, Dhammika Weerasundara, Pablo YepesSTAR Note #229Version 2.0March 12, 1996A general philosophy for numbering elements on the STAR detector is presented. This document describesthe numbering system for the TPC, EMC, CTB/TOF, FEE and SVT. These numbers should be used toidentify elements for both hardware and software.Version 1.0 -- November 21, 1995 - Document issuedVersion 2.0 -- March 12, 1996 - Defined EMC Barrel GeometryIt is important to have a common numbering system for both hardware and software. Byhaving a well-defined and consistent labeling scheme, we can avoid much confusion.This document describes the system that the STAR collaboration has adopted.During the August 1995 STAR collaboration, representatives from STAR met and agreedupon a common geometry and numbering system for both hardware and software. Thenote describes what is now the official STAR geometry and numbering scheme. Allfuture drawings, labels and programs should follow the conventions established by thisnote.

+x+ZSTARPHENIX

NorthRHICoffice

Figure 1: STAR coordinate system shown in relationship to RHIC.

page 2 of STAR Note #229The STAR geometry is described in STAR note #121. Figure 1 shows a picture of RHIClooking from above the accelerator. As stated in SN #121, the standard STAR coordinatesystem is defined by:¥Positive y is up.¥The origin of the coordinate system is located at the center of the solenoid(iron). The direction y is perpendicular to the axis of the solenoid. The y-zplane is vertical and positive y points opposite (as closely as possible) thedirection of gravity.¥Positive x points approximately south and away from center of the RHICaccelerator. Positive z points westward.¥The direction of the RHIC beam is defined by a view looking down upon theaccelerator. At our detector the clockwise beam travels toward positive z andthe counter-clockwise beam moves toward negative z.

General STAR Policy for GeometryAll detectors should be first numbered from the +z side (west end) looking toward theinteraction region. The geometry of the detector is defined by the layout of the TPCwheel. If a detector needs additional number for detectors on the -z side, then thenumbers should be consecutive with the +z elements.

123456789101112Figure 2: Aluminum frame for the TPC wheel.

TPC geometry and numbering schemeThe TPC sectors are numbered according to the STAR specification. The numbering issimilar to that of a clock. The +z sectors are numbered from 1-12 while the -z sectors arenumbered from 13-24. Each sector is numbered clockwise from the perspective a personlooking into the TPC.

page 3 of STAR Note #229From a perspective of a viewer (facing east) outside of the detector, Figure 3 shows fromthe numbering for the west side sectors (z > 0).+y+x

z > 0123456789101112southnorthFigure 3: This is the west end of the detector when one is looking from the outside.Again looking from the outside of the detector, the east side (z < 0 side) starts with TPCsector number 13. The numbering is pictured in Figure 4.

+y+xz < 0131415161718192021222324southnorthFigure 4: This is the east end view of the detector when one is looking at the endcap from the outside.

page 4 of STAR Note #229Note that there is no division between labels for the outer and inner sectors. The arrowsin Figures 4 and 5 indicate the x- and y-axis.A consequence of this numbering scheme is that a particle traveling parallel to the beamfrom sector 2 enters sector 22 on the other side of the central membrane. While there is aslight break in symmetry, the endcap numbering as seen from the outside is much simplerfor installing hardware on the detector.We number the pads using the following algorithm:¥Pad row numbering: the pad rows are numbered 1 to 45 starting from inside.Pad row n indicates the center of the n-th pad row.¥Pad numbering: the pads in each pad row are numbered from left to rightlooking from the outside of the TPC starting. Pad 1 is the first pad. Thelocation of Pad n is the center of the n-th pad.

CTB/TOF GeometryThe CTB trays are numbered with two indexes corresponding to their azimuth angle, f,and their z coordinate. According to the STAR coordinate system the z axis is parallel tothe beam line. Figures 5 and 6 show the numbering criteria for the f and z indexes (if,iz) respectively. For the CTB, if runs over the range 1-60 and iz can have a value in therange 1-4. The TOF follows a similar numbering criteria but with a higher number ofcounters. In that case if has the range from 1-300 while iz has the range from 1-20.CTB modules with iz = 1-2 are in a tray which is inserted between the TPC and themagnet on the east side; while iz = 3-4 are inserted from the west side. Therefore, wewill refer to the CTB/TOF tray by the azimuthal number and by which side (E = East andW = West) is used to access it. Therefore, the CTB/TOF tray which contains if = 5 andiz = 1 is called tray 5E, while the CTB/TOF tray which contains if = 5 and iz = 3 iscalled tray 5W.

page 5 of STAR Note #229

+x+y160505152535455565758593940414243444546474849383736353433323130292827262523456789101112131415161718192021222324Figure 5: Numbering of the CTB modules in phi. Note that the heavy line between the modules indicatesthe boundaries of the TPC sector by which they are supported.

1234

+ZCenter of TPC

Figure 6: Numbering of the CTB modules in z. Note that the heavy line between the modules 3 and 4indicate the center of the TPC. Each CTB tray holds two modules.

SVT GeometryThe SVT is numbered in a similar way as the rest of the detectors. Since the ladders arecontinuous along the beam axis, they are only numbered from the +z side. However, the page 6 of STAR Note #229ladders do not align with the TPC sector boundaries. Therefore, we define the last ladderin a barrel as the one which is vertical and on top. The first ladder starts clockwise. Forinstance in Figure 6, the light shaded numbers indicate the ladder number. The darkshaded numbers indicate the barrel identification number. From this diagram it is easy tosee that barrel 1 goes from 1-8, ladder 2 from 1-12 and ladder 3 from 1-16.

page 7 of STAR Note #229The wafers on each ladder are numbered from -z to +z. Figure 8 shows the numberingscheme.23412341562341567-z -- East +z -- West 1 --innerbarrel2 --middlebarrel3 --outerbarrelFigure 8: Numbering scheme for the wafers on the SVT ladder.Each wafer has two hybrids. The hybrids are number clockwise when looking from thewest end or left to right when looking above the barrel. (The beam axis is below thewafer.) Figure 9 shows the labeling.12

-z E+z WFigure 9: Labeling of a hybrid on a wafer. This is a top view with the axis of the beam line below thewafer.

page 8 of STAR Note #229

TPC FEE GeometryEach supersector of the TPC contains 6 readout boards (RDO), which read out 181 FrontEnd Electronic (FEE) cards. The FEE cards contain the pre-amp, shaper, and digitizercircuits while the RDO boards multiplex the data to a single fiber which then goes to theDAQ electronics.

STAR Outer Sector View From Outside of the TPC

085086087088089090045046047 051 000 008 001 002 003 004 005 006 007 009 017 013 014 015 016 018 026 019 020 021 022 023 024 028 029 030 031 032 033 034 036 044 037 038 039 043 052 053 060 054 055 056 057 058 059 061 068 065 066 067 069 076 070 071 072 073 074 075 077 080 081 082 083 091 092 098 093 094 095 096 097 101 102 103 104 106 112 107 108 109 110 111 113 116 117 118 120 125 121 122 123 124Figure 10: Outer sector of the TPC. The locations and numbers of the FEE boards are shown.The 8 bit FEE card id numbers, which provide a cabling geographical identification, areetched onto the TPC pad plane. This information can be read out in the normal datastream. The FEE cards on the outer sectors are labeled from 0 to 125 while the cards inthe inner sector are labeled from 127 to 181 (126 is missing). Card # 0 is in the outer left(looking from the outside of the TPC) hand corner of the sector as shown in Figure 10.Figure 11 shows the inner sector. This numbering scheme is contrary to the currentSTAR philosophy of starting with the inner sector and numbering from the center of thedetector. However, the numbers cannot be changed as the hardware was built before thisnote was issued.

page 9 of STAR Note #229

STAR TPC Inner Sector Pad Plane

127128129130131132133134135136

139140141142145146147148149150 151 152 155 156 157 169 170 171 172 173 174 176162163

180181178179175177158159160161166167

144Figure 11: Representation of an inner sector of the TPC. The numbering of the FEE cards is shown.The readout boards have addresses ranging from 1 to 6, with 1 being the innermost boardand 6 the outermost. Figure 12 shows a representation of the RDO layout. The addressesof the board are determined by connectors attached to the TPC pad plane. This idprovides the same geographic address test capacity as the FEE boards. Also, theseaddresses are used in the sector HDLC networks. There are two RDO boards (1-2) on theinner sector and four (3-6) on the outer sector.Further details on the FEE electronics and on the order of data readout are given in "FrontEnd Electronics <-> DAQ Receiver Board Fiber Optics Interface Specification, V.Lindenstruth et al. This document can be presently found in the STAR WWW pages. Tofind the document, go to the STAR �group page� and look under �Interfaces.� As of thedate of this note, 1.a is the most recent edition. However, 1.a contains a slightly differentnumbering scheme and a rotated TPC wheel. Work is in progress on an update. Pleasenote that some older mechanical drawings have used a different numbering scheme.

page 10 of STAR Note #229

123456Figure 12: Schematic which shows the numbering of the RDO boards. This drawing is not to scale.

EMC Barrel GeometryThe full implementation of the EMC Barrel consists of 120 modules. There are 60

MAGNETE-M CALORIMETEREMC ELECTRONICS

16116016212631365641514660162126313656415146EMC as seen from +zFigure 13: EMC detector viewed from the outside while looking toward the interaction point.modules in +z and 60 modules in -z. Each module has 10 towers in the z direction. Eachtower has three levels of segmentation. For the first operation of the EMC, all levels

page 11 of STAR Note #229will be combined together. In addition, each module has two shower max detectors.When the EMC End Cap Calorimeter design becomes more refined, its geometry will beincluded in this note.The azimuthal boundaries of the EMC modules are aligned with the CTB/TOF elements.The azimuthal numbering for the modules at +z are the same as for the CTB/TOFmodules. However, the -z modules are numbered from 61-120 beginning at the boundarybetween TPC sectors 13 and 24, and increasing clockwise when viewing the detectorfrom the -z end. On the +z side, the top two modules are numbered +58 (over TPC sector12) and number 118 (over TPC sector 24). Facing the interaction point and proceedingclockwise, they are numbered 58,59,60,01,02...57 on the +z side and 118,119,120,61,62...on the -z side. Figure 13 shows the arrangement for the modules in the +z direction,while Figure 14 depicts the modules in the -z direction.Figure 15 shows that the towers are numbered from the center of the detector (staringwith 1) to the outer edge (ending with 10). Each tower has 3 degrees of depthsegmentation, numbered 1 (closest to the beam) to 3 (farthest away from the beam).When the EMC modules are first used, we plan to gang all 3 layers together.

MAGNETE-M CALORIMETEREMC ELECTRONICS

6166718191101111120768696106116EMC as seen from -zFigure 14: EMC detector viewed from the outside while looking toward the interaction point.As shown in Figure 15, each module has two shower max detectors, numbered 1 (centermost) and 2 (edge most). Each shower max has 40 wires in f, numbered clockwise (withrespect to an observer facing the interaction point and outside the detector) from 1 to 40.Adjacent wires are ganged together in the readout, so only even numbered wires arepresently read out. This definition is made so that any wire within a shower max modulewill have the same number as the corresponding wire in any other one.

page 12 of STAR Note #229

Pb5Pb6Pb7Pb1Pb2Pb3Pb4

Pb7Pb6Pb5Pb4Pb3Pb2Pb1

Pb8Pb9Pb10Pb11Pb12Pb13Pb14Pb15Pb16Pb17Pb18Pb19Pb20

Pb20Pb19Pb18Pb17Pb16Pb15Pb14Pb13Pb12Pb11Pb10Pb9Pb8

1234567891023456789101-Zside+ZsideShower Max -- 1Shower Max -- 1Shower Max -- 2Shower Max -- 2

Figure 15. Side view of the EMC showing the Towers and the Shower Max. Towering numbering areshown for modules on the +z side and the - z side. The labels for the shower max are also depicted.In addition to the wires, each shower max detector has 112 cathode pads in z numberedfrom 1 (innermost) to 112 (outermost). At his time the number 112 is not firm; it mightbecome some similarly sized number such as 108. The relations between the labels forboth the towers and shower max can be seen in Figure 16.

123456789101112

1234560303557595856

+y6111912062

+ZSHOWER MAX -- Top Radial View

+z1212140

140Wires-zCenter of Detector

1112

Pads1112

PadsThree Dimension Layout of the EMCTPC SectorLabel

EMC Label

-ZWires-yShower Max Label

Figure 16: Relationship between the EMC modules on the +z and -z side. The labels for the shower maxare also shown.