STAR NOTE NO. 222STAR Beam Pipe StudyLynn Kot / Doug FritzAugust 31, 1995This STAR note contains information known about the portion of the beam pipe between thelast RHIC magnets (and vacuum pumps), passing through the STAR detector, in the WideAngle Hall, and it is intended to be used as a guide for the final beam pipe design.For this study, both beryllium (Brush Wellman PS-200 grade, 98% purity) and berylliumaluminum (Brush Wellman AlBeMet 162, 62% beryllium, 38% aluminum) were considered forthe center section, transitioning to stainless steel up to the RHIC interface. Other possiblematerials or vendors have not been considered at this time.Ref.: Pages A-1 and A-2 for beam pipe section summaries. 1. Beam Pipe Assembly:The beam pipe assembly used in the detector and WAH will consist of 3 major components.The Interaction Pipe, the Detector Transition Pipes, and the WAH Transition Pipes. Each ofthese components is described in detail below. Interaction Pipe Ref.: Pages A-1 and A-16

For the center most portion of the beam pipe, at the interaction region, four major materialissues are considered (baseline 8 cm, 3.15 inches outer diameter):A. Radiation length and material thicknessB. Strength and material thicknessC. Length of center section before transitioning to a less costly material such as stainless steelD. CostA. Radiation Length and Material ThicknessThe SVT and TPC have a requirement for a long radiation length material in the interactionregion. At this time, both state that they require not more than .3% radiation length withrespect to the wall thickness.The wall thickness of beryllium pipe, (radiation length of 35.3 cm) needs to be(.003)(35.3)=.106 cm, or .042 inch or less.The wall thickness of beryllium aluminum pipe (radiation length of 18.8 cm, calculated byHoward Matis) needs to be (.003)(18.8)=.056 cm or .022 inch or less.B. Strength and Material ThicknessCalculating the collapse pressure of thin walled pipe under external pressure (ref: Roark andYoung, section 12.5) and using a factor of safety of 3.25, beryllium aluminum materialrequires a wall thickness of .030 inch or larger. However, this wall thickness violates the TPCand SVT requirement with respect to radiation length.The same calculation for a straight beryllium pipe requires a wall thickness of .026 inch orlarger which meets the radiation length requirement.C. LengthThe SVT is requesting a 1.5m length of beam pipe centered about the interaction point. Thislength will cover the diamond region and allow the SVT to do physics at higher pseudo-rapidity (in conjunction with the TPC).D. CostThe quote from Brush Wellman for a 60 inch (1.5 m) length pipe, thickness .030 inch andouter diameter of 3.150 inches is:Be section $74,500.00BeAl section $61,800.00Ref.: Page A-16, Brush Wellman quote for more details.

Detector Transition PipesRef.: Pages A-3 and A-4Attached to each end of the Be or BeAl section (Interaction Pipe) will be a stainless steelpipe. These stainless segments will be permanently attached (brazed/welded) to theInteraction Pipe and will remain with the detector as it is moved from the WAH to assemblybuilding or vise versa.The Detector Transition Pipes are approximately 122 inches (310 cm) in length and willterminate approximately 152 inches (3.8 m) from the interaction point. At this point they willbe connected via a bolted flange to a tapered pipe. This tapered pipe will then be bolted tothe WAH Transition Pipe. After breaking the bolted connection (between the DetectorTransition Pipe and tapered pipe) the detector can be moved, avoiding interference with theWide Angle Hall/Assembly Building door. Various thicknesses and diameters for the beampipe are considered (see following deflection section, tables and graphs). WAH Transition PipesRef.: Pages A-3 and A-4The WAH Transition Pipe is of a larger diameter than the Detector Transition and Interactionsegments and is then located between the Detector Transition Pipe and the RHIC ion pumpinterface. The WAH Transition pipe contains a tapered pipe that will transition from thediameter of the Detector Transition pipe, approx. 3.15 inches (8 cm) diameter up to a 5 inch(12.7 cm) diameter of the WAH Transition pipe. This stainless tapered pipe will taper with aslope of 5 inches of length for each inch of diameter change and will terminate with a 6-3/4inch outer diameter ConFlat flange, MDC PN 100029 (suggestion by the RHIC VacuumGroup) Final connection of the WAH transition pipe will be via bolted flange to the RHIC ionpump interface (approximately 293 inches (7.4 m) from the interaction point). Kimo Welch ofthe RHIC Vacuum group will have the information on this ion pump interface.At this time, it is assumed that the RHIC Vacuum group will supply the WAH Transition pipes(12.7 cm OD) (including the tapered transition piece) as well as a 7 inch long bellows whichaccounts for the transverse misalignment in the beam pipe.Page A-4 shows the different transition and weld/braze options according to center beampipe section type.

3. Support Locations and Deflections (Due to Weight): Ref.: Pages A-5 through A-15Three support locations were considered. The calculations use supports which take abending moment, although a simply supported condition could be considered where therotation of one section could be used to counteract the rotation and deflection of the nextsection.The first support location at 76 inches from the interaction point, corresponds to the SVTrequested .004 inch or less deflection: To maintain a deflection of .004 inch, transitioning to astainless section of the same diameter, 3.15 inches, a support is required at 76 inches or lessfrom the interaction point. This support location is located inside the SVT support cone whichis not optimal for hardware attachment. This location is also used for varying diametercomparisons.The second support location is 90 inches from the interaction point and corresponds to theTPC wheel. This is the most plausible attach face.The third support location is 145 inches from the interaction point and corresponds to theouter pole tip attach face. A design with this support location would have to take into accountthe pole tip movement in and out from the detector.Several outer diameters for the stainless section were considered since larger diameterpipes result in less deflection.See attached deflection tables and graphs. 4. Requirements and Requests:¥SVT and TPC- not more than .3% (.003) radiation length of material (wall thickness) ofcenter Be/BeAl section.¥SVT- baseline outer diameter 8 cm (3.150 inch) of center Be/BeAl section.¥SVT- 60 inch length center Be/BeAl section.¥SVT- Wrap center Be/BeAl pipe with aluminized mylar for stray RF radiation.¥RHIC Vacuum group and SVT- bake entire beam pipe 300 degree Celsius after everybreaking of vacuum. SVT will have to be removed during bakeout.

¥SVT- Sag (deflection) of pipe should not be more than 100 microns (.004 inch).¥SVT- for removal/insertion, any flanges within 5 meters of the interaction point on the westside of the detector to be no more than 1.5 cm additional material radially.¥The FTPC is requesting a ’trumpet shaped’ section in the Be/BeAl section so that they canbetter detect their shallow angle particles. This should be discussed with Dan Cebra andJim draper of the FTPC group and others, possibly the Technical Committee.¥Still need more information and requests/requirements from the VPD and FTPC groups asmore development is done in these groups. 5. Other Issues to Ponder:¥SVT and beam pipe removal in Assembly Building. See above SVT flange requirement.¥How to accomplish the 300 degree Celsius bakeout. RHIC vacuum group thinks thebakeout blanket thickness will be approximately 2 cm thick. Perform additional strengthanalysis for thin walled pipe under external pressure at 300 degrees C (collapse pressurediscussed above done at room temperature).¥RHIC Vacuum group to supply: Bakeout blankets, 12.7 cm stainless steel pipe (secondstainless section attaching to RHIC interface), misalignment bellows, RF shielded bellowswhich take up longitudinal expansion during bakeout, RF shielded gate-valves whichbracket the experimental region, roughing provisions and gauging.¥Is it acceptable to the SVT and TPC group, radiation length wise, that the beryllium beampipe is flat plate, formed and brazed down the seam with some type of braze alloy? Whattype of material is the braze alloy and will it be acceptable to them?¥Can all the welds and brazes withstand the bakeout temperatures and detectormovement/removal?¥Check further with Brush Wellman on the straightness they can hold over the entiresection- they presently believe they can hold .030 inch.¥Check beam pipe during run mode for vibrational deflections.¥A straight Be pipe can be brazed directly to a stainless pipe. However, a BeAl piperequires an aluminum transition piece between the BeAl section and the stainless sectionelectron beam welded at each interface. Need to look further into this issue. Can thisaluminum transition piece maintain sufficient strength?

¥Squeeze all subsystems requirements: Can the Be or BeAl section possibly be shorterthan 60 inches? Can the wall thickness (or percent of radiation length) increase so thatBeAl at .030 inch, or even .040 inch is acceptable? Can we tolerate more deflection sothat we can support the beam pipe in a design logical location? ConclusionA beryllium aluminum center section beam pipe would be more desirable from a costperspective than a straight beryllium pipe. However, if sufficient strength is maintained, theberyllium aluminum pipe does not meet the present SVT/TPC radiation length requirement.Transitioning from a beryllium section to a stainless section is easier than transitioning from aberyllium aluminum section to a stainless section.Beam pipe supports needs to be designed so that they do not interfere with the physics of thedetector, maintain acceptable deflections and do not pose as obstacles during pole tip ordetector movement and operation.Many issues such as bakeout and beam pipe and SVT removal still need considerablethought before finalizing the beam pipe design.Existing requirements need to be scrutinized by the requesting groups in order to ensure thebest and least costly design, and any new requirements need to be identified.

SummaryBeAl Section:¥ Brush-Wellman alloy - 62% Be and 38% Al¥ 60 inches total length centered about interaction point¥ Wall thickness = 750 microns (.030")¥ Outer diameter = 80 mm (3.150" or r = 1.575")¥ Calculated radiation length of BeAl = 18.794 cm (7.400")¥ SVT and TPC require .3%, or less, radiation length of material -wallthickness of (.003)(18.794) = .056 cm (.022") or less¥ Elongation due to 300 degree C bake = .24"¥ Deflection due to weight negligible¥ Al transition piece required btw BeAl and stainless sections¥ Cost $49,100.00Be Section:¥ Brush-Wellman PS-200 grade (98% purity)¥ 60 inches total length centered about interaction point¥ Wall thickness = 750 microns (.030")¥ Outer diameter = 80 mm (3.150" or r = 1.575")¥ Radiation length of Be = 35.3 cm (13.9")¥ SVT and TPC require .3%, or less, radiation length of material - wall thickness of (.003)(35.3) = .106 cm (.042") or less¥ Elongation due to 300 degree C bake = .27"¥ Deflection due to weight negligible¥ Brazed transition directly to stainless section¥ Cost $74,500.00Stainless Steel Sections:¥ 300 series stainless¥ 264" each side from BeAl section to RHIC interface (ion pumps)¥ Wall thickness - .030", .060", .090"¥ Outer radius - 2.000", 2.200", 2.500"¥ Attached tables and graphs tabulate deflections versus varying radii, wall thicknesses and support positions¥ Elongation due to 300 degree C bake = 1.34" each side

Weight DeflectionsAll cases:• Be and BeAl section is 60" in total length, outer radius = 1.575" (8 cm dia)• Wall thickness = .030" (750 microns)• Deflection negligible compared to stainless sectionsFor stainless steel sections adjacent to Be and BeAl section:• t = wall thickness of steel in inches• r = outer radius of steel in inches• z = length in z from the interaction point to the first support in inches• defl = total sag in composite beam, between supports, due to weight of pipe (inches) Beam Pipe Deflection Tables For outer radii = 1.575"zt d e f l 7 6 . 0 3 0 . 0 0 4 . 0 6 0 . 0 0 4 . 0 9 0 . 0 0 4 9 0 . 0 3 0 . 0 1 1 . 0 6 0 . 0 1 2 . 0 9 0 . 0 1 2 1 4 5 . 0 3 0 . 1 5 3 . 0 6 0 . 1 5 6 . 0 9 0 . 1 5 9

For wall thicknesses = .030"zr d e f l 7 6 2 . 0 0 0 . 0 0 2 2 . 2 0 0 . 0 0 2 2 . 5 0 0 . 0 0 2 9 0 2 . 0 0 0 . 0 0 7 2 . 2 0 0 . 0 0 6 2 . 5 0 0 . 0 0 4 1 4 5 2 . 0 0 0 . 0 9 4 2 . 2 0 0 . 0 7 8 2 . 5 0 0 . 0 6 0