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ABSTRACT

The purpOie of tllia repOR ia to rniew the procedmea.....hich han been proposed for the COD.Strudion

or Itraw tube luperlayeft and to evaluate them agaiDJi ...mOUI physics, mechanical and cost requirements.

In. the proc:ea of tllia eTa1uat.ion, czit.icalUD issues have been idenWled ....hich Deed to be resolved before

• ftnal decision on SUper!a,CZ constl'1lCt.iOD U made. A plan to reach thU decision in a timely mlUUl.er is

proposed. The plan makes maJ:im.um 1IH or ongoing FY 1981 RkD and focues the effort for FY 1992 on

the cOIllUuct.iOJl of a full-scale mult.i-super!ayer or lingle luperlayer prototype.
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.
~. 1. INTRODUCTION

1.1. Physics RequiJoement. £01' Outer Central Tracld.ng

The tracking Iystem plays a major role in exploratory physics, lepton and heavy quark identification,

mau recoJl8Uucnon, and in the formation of the trigger. We put emphasis on reliable pattern recognition

eapabilit)", and in conjunction with the silicon inner tracking and the outer intermediate angle tracmg,

predae momentum and Terlex raolution OTer plIeudorapidity I'll < 2.5. At 1 TeVIc b&nllverae momentum

(n), the daip goal for momentum raolution is cr(n )/Pr < 25% for I'll < 1.5. In order to achieve the

design goal Cor momentum resolution, the spatial raolution must be < 150 JUJ1 per wire. The intrinsic straw

chamber reloluuon ia .... 100 pm. Added to tm are the errors due to alignment and electronics resolution

on the dzift time meuuement. The alignment requirements are the following [A.Seiden, ·Systematic Errors

and Alignment-, unnumbered memo, B. O. Ogren, ·Strawand Module Placement", IUHEE 91-4 (1991)]:

4.<35-50pm

4?<lmm

~ < O.lmm.

The patiem recopition requilement p the recolLltrumon with high efiicienc)" of all relatively high 'PI'

(> 1 GeV&-) ch~ partide Uacb for' 1,,1 < 1.8. The outer central tracking s)'lItem must provide level..
1 or 2 Uigcr inIozmation for tracb with Pr > about 10 aeVIe. The amount of material in the tracking

I}'Jtem mat be mjnjmised, Dce it will haft leTeral negatift dects on the pb)"sics performance of the

detector. PhotoJl8 will CODTer't, producing an increased trigger rate for high 'PI' dectrons and interfering

with identUlcation of e1ectrozw &om deca71 of interest. The extra charged partides will incrsse the tracking

I7Item occupanq, making pattern recOpitioD more cWBcult. Charged partides will 101e eners)" in the

material, degrading the momentum meuurement performance. HOweYer, there i8 significant material in

Cront oC the outer trac:ki.ng system, about 8% of a radiation length at 90· incidence, due to the beam pipe

and siliCOD tnu:mg IYlItem.

The engineering bueline dellign for the outer tracking system haa been deflDed to provide a buis for

mechanical aapeeliaS' Thia bueline hu Dot been optimiled Cor either engineering or physics concerns,

but rather repraenil a "erath- order la)'OUt ued to defl:4e the engiDeeliag concepts needed Cor a complete

OUHl tncbr daign rep.rdl_ of whiCh uaeki.nS tec:hnolol7 it ftnally chosen. The bueli.ne desip is shown

in Fig. 1.1, and the numerical data is giTeJI in Table 1.1 for the four outer superlayers, which are composed

of atraw tubes.
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Table 1.1. StraW' Section of Engineering Baseline Design.
~

~
_a..

Superla1u Radius Number of Numbcr of SJ:D.iB Imaz Stereo Angle

(m) Straws/Layer Layers/Snperlayer (m) (m) (0 )

3 1.21722 1912 EI 0.03 3.550 -3

4 1.34963 2120 EI 0.03 3.900 0

5 1.48205 2328 EI 0.03 3.950 +3

e 1.61447 2536 9 0.03 3.950 0

Totalnumbu of Itraws (both ends): 121.968.

1-"---'---------39:1.00'-------------1

~_--2aO"OOI-:no"~---l
~----------~.OO,---------....I
[ no.J60oc_"00 _

-----~-----:Wo:I"OOI------ ___'~

oml
OAK RICE NATIONAL LABORATQI?r

3/18/91

Fig. 1.1. A section through ODe quachant of the trackingl11tem of the baseline design
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·/' 2. GENERAL DESClUPTION OF STRAW TUBE SUPERLAYERS

2.1. Support Structure

The .upport Itructun for a .ba" tube luperlayer will be a cylinder composed oC a carbon-fiber epoxy

material. The cylinder will .pan the full length of the supedayer (6 to 8 meiers) and provide the primary

precUion support t'or the .ira.... tubes, either dir~tly or by meana of thin rings attached to the cylinders.

The cylinders will be .upported ollly by meana of end rings bonded to their ends. Calculations carried out

at ORNt ahow that cylinden .. thin .. 0.3% Xo can .upport the gravitational and wire tension loads or a

.traw tube nperlayer.

2.2. GeDedc Superlayer Structure

All olthe .tn..... placement aemes cmC1Uled in this report involve the placement ofstraws in lupedayers

or ax. eisht, or nine (£Or the trigger nperlayer) Itra... Within each luperlayer, the layers are Itaggered

by the .tn." radiu hi order to resolve left-right ambiguities locaD,. and allow hiil from oul-of-time bunch

eroaaiDp to be rttiected. Locally identifiable track .egment. can be obtained at the paUetn recognition

.tase and £Or the trigger. Track ..pent. in .uperlayers can be characterised .. local liraight line segmenta.

Auu.mi.Ds that the track originates at the center of the tracking .,..tem, the slope of the line segment rdative

to the~ direCtion gives a meuuement or the cv.natUle, and theref'ore the banavene momentum, oC

the track• .il tracking .yatem design bued on flnding local traci: segmenta provides a powerful method for

rejecting background from mra hita from &RylOu.rce (e.g., out-ot'-time bunch crossings, but this Icheme

"u £oUlld to b. uefal ill the Mark n central d%ift chamber at the SLC where the .ource or exira hits

" .. JyD.chroiron radiation). Local track segment finding abo simplifies the paUern r~ognition, although

sufIlcient ftClundancy within a .upmayer and ill the Dumber or supmayen must be maintained to keep the

efIlciency high. The central tracking l)'I'tema ormany detectors haft been designed to make use oClocal track

Hgmenil - JADE, Mark m, Mark n (SLC upgrade), CDr. OPAL. Asuperlayer Itruc:turealso simplifies

the mechanical .upport. Single 10Dg straWs are Dot sel1'-npportiDg. However, .enral layers of sttaWI held

together in nperlayen (probabl,. at leut sb:: are needed) can f'0nD. a rigid, mechanically .table stncture.

The mechanicallUppori ptoblem it then reduced to I1lpporiing the nperlayen and aligning them spatially.

ThetC it "alia the poaibillty or npporiing the wire tensioD. within a lubdivisioD at' a luperlayer. In the

SDC detector, all or the elemenil or the backing l)'S'tem - inner siliconsy.tem, outer central tracking, and

ptobabl,. alao the outer intermediate angle track:iDg - are organised into .uperlayers. with each superlayer

meuuriDg the .pace 'coordiDate and the local slope of'the track segmenta. Track .egments in each pari or

the trae.king system will be liDked to bd tracks in the complete trackiDg system.

5



3. OPTIONS FOR THE CONSTRUCTION OF STRA.W TUBE SUPERLAYERS

Tm. Rebon deambe. in lome detail two proposed procedures for the construction or straw tube super­

laren. Section 3.1 cWcusses a design based on the cOllStrudion ofstraw tube modulu which are selfeontained

UDib providing suppod for wire tension; gas ftow and electronics. Section 3.2 discusses an approach in which

individual.baw tube drift cells are pre-assembled and then transferred directly into superlayers on the sup­

pori qJinden. ThiJ lection describes the fabrication procedures; and Section 4 evaluates them bued upon

~ous ph)"sica and engineering criteria.

The basic " mm diameter Itraw tube iJ common to all superlarer coutruct.ion methods. A brier

description or thia clzi1\ cell is given below.

The buic drift cell is coutrueted with a plutic based cylindrical cathode structure and a 25 IJm diameter

wiN: along the uia. MOlt or the Itlaws that have been built are formed Crom an outer mylat wrap 12 IJm

thick and a 15 I'm allll:DiDUed polrcarbonate 1Um inner larer. We have been using straws manufactured by

PreciRon Paper Tubes. Wheeling. IlliDoia. and Stone Industrial, College Park. Maryland. The tubes are 4

mm in diameter with a 37 JM11 wall thic:kneu. The standud alnminiJed coating is typically 1000 A thick..

The tubes have a DC :resistance of' 80 ohms/meter. the 25 I"ll wire has a 100 ohm/m resistance; and the

characteristic impedance of the thDJImission Une is 350 01uM. The weight of a straw is 0.5 grams/meter.

Siraws ha.e:a1Io been made with aJ1 aluminised Kapton imler larer. These have the advantage that a thicker

alnminllDl coating .is poaible (2000 A). The resistance ia about. 24 ohms/meter, and the signal attenuation

length ia incrcued to about 7 meters. The Itraws are form.edbr windinS a eont.inuoUll centimet.er wide strip

of alnmin.iaed plastic 011 a mandrel and then gluing the oTer1apping edges. ThiJ results in a rat.he: uniform

oYera1lltraw, but tenaoll nriatiou aDd gluing ....nations result in a diamete: variation of about ± 25 lAm

and a dmation &om circularitr of .bout ± 50 JM11. These nriations can be impol't&Ut considerations when

ueemblins a multiatraw structure. The t.ubell are not ne.turallr Itraight, with average bowing of 200 to

500 JM11 for & 50 em leztgth and 2-4 em bowing at the ~ mete: length. They also have very weak bowing

resistance and will not. suppon the wire teDJiollalloads, even ifglued in larger arrays. All methods proposed

for using the Itraws for drift chambers must confront these properties or the straws. That is; the straws

mot be held Itraight in lOme manner. mot be formed into regula.r anays by lome means, and the wite

tension load must be trans:Cerred io lOme external support Itructure. Two options tor &c:complishing this are

de.eribed below.

S.l. Sbaw Tube Modules (Unit. P~dingSupport tOl" Wi:re Tension aDd Electronicl)

3.1.1. Buic Module

The buie module design is .hOWD in Fig. 3.1. Three important areu (or development are the carbon

eomposite .hell, the endplate, and the attachment oCthe module to the npentrueiuze. The outer shell holds

the .t.rawl in position and maintains t.he alignment along the length of the module. Since the straws have



ILD. mt.ernal ,me support every 80 em, t.hey probably will be be forced int.o a rigid dose packed array at. this

point. ILD.d bonded before insertion int.o t.he shell. The UDSupport.ed 4 met.er enernal shell does not. have to

be straight to 50 jlJI1, since it is only bet.ween t.he 80 em attachment points t.hat it. will be a Cree span. An

independent alignment method will be ued to attach the modules to the structure and provide the overall

suaightneu. Also t.he trapeJIoidal cross section mut. be maint.ained between 80 em support points by the

shell. The endplat.e Itrudure and the bonded Itraw posit.ions maintain this shape at the support points.

SUPERLAYER 9° INCLUDED ANGLE
WITH 3 MM GAP FOR INSIDE STEREO OR AXIAL LAYER

1-----.----116.00 ~M----:------1

~~~~"""""""'~"'V"TI"T
21.32 MM

NON TRIGGER MODULE

6 X 24/29
159 STRAWS

TRIGGER MODULE

SUPERLAYER 3.75° INCLUDED ANGLE
WITH 3 MM GAP FOR OUTSIDE AXIAL TRIGGER LAYER

..------I~O.OO MM-------i

}--~~~~g~~~~f-----==~r~JMM9X22/30

234 STRAWS

z
~.- ...

D. :3 e9.4136 A4 6. R2
01-28-91

FiB· 3.t. Crou sections of two propoHd. module desiSU, olle Cor laJeD 3,4 or 5, t.he other f'or layer 6.

SeTeral carbon compodie modules of 30 em and 1 meter lengtha he," been C01lltructed by Composite

Homons oC Covina, Calitomia. The dimeuions oC these c:arboll shells are Ihown in Fig. 3.2. These were

made with 4laren oC2.5 mil prepreg carboD.fiber tape (38 Million modulUl). Meuurements olthcse modules

show that. the intriDaic straightnest OTV 80 to 100 centimeters can be held within the 50 14m accuracy limit.
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Working wHh Compoai~e RomoDS) lenral ~ests or the expansion or contrac:iion or the composite structure

with respect. te t.he room t.emperat.ure mandrel (mold) me have been performed. By using the computer

program. GENLAM. the final product use was accurately predicted. (See memo by R.Foster, May 6) 1991).

In parucular) it.... eonflrmed ~hat. t.he expansiODeceffleient alODg the fiber direetion is very slightly negative.

Tbia Ihow. that. we can produce a Anal shell t.o t.he ~equired Ipeciftcations.

1. fhl. I. G" Inltlo~ ""-ate.
Aetuo~ ~LL Cl\ictn.•• to be d.c.,..iro-d
blJ .Ct'Vet'-""G~ O"IOL!f'Si•• ActuaL 6t'L.cti~ 0'
.,.u. at .'d-point ~ Loooecl wit/'! ,crows ONJ

Sl'leLL~ ~t I'IOC ne.-.d 0.002•

I
I

I
I
I

•I I
_.L.. J-

Hoop ~1~jdIC~ ~.d In ~I~
, Ill,.. ~t••

0.250

r &..- - - ­I ~;-l._L.&... _

I
I
I
1'0'-0. 160

I
I
I
r
I
I.....

,,,.,_ «.hl-.'~ ..""---_~_'f'- '....'_n_
~-,_c_ .:: 54-stf'oW encLosure812-lI'S5-52SJ

"rl ('- she L L31'Z.-.
- :n I I.., 1 I-- ,,_. -... ..

1• 1250 ,. C'o,
a7.o'U>

0.020 - see note J.

Wo~L MJSr. bo., Les, tho'\
.002 or. U\i. point ift oU leeclOt'lI.
Sow 1"9 ct"'ClWft ••~oC.d 10X OCCl.IOL.
~i'OI" • .eLL r,hietn.a
taGlJ be ~d. .

Spoe.1' 00, .1S70
b IV.WelLL•• 0028
Spcr" Co-pt'. - .QQOS
Pochd dlo. • JSS)

Fig. 3.2. Detail or the carbon Ihell Cor a 84 liraw protot.ype.

The compoal.e Ihell al80 taka the compresUonalloed. of t.he wire tension which is about 12 kg Coree for

240 lira... An aDalrm of the 240 liraw module by Oak Ridge indicat.. t.hat a 10 mil (250 IUD) wall will

npport the t.euion. Thi.a ia explained in a memo by J. Mayhall, Jail. 23, 1991. The molds tor a 1 meter

long module of this t.ype are heiDg fabricat.ed, aDd it. is expect.ed that by J'1U1e that ,hen. will be aftilable

for loading with atraws.
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A total orrour 30 em long 64 straw modules have been built and tested using the 30 cm composite shells,

aDd two additional module. ofthe lame sUe are being produced. Groups at Indiana, Colorado, University of

Michigu. OK. aDd pCJUUlylY&Dia ue uing them to underatud multistraw tracking systems. An assembly

view of this module ia shown in Fig. 3.3. We have meuUl'ed the straw positions at the end of the shott

module and found them to be withiD the specifted :I: 2 mil tolerance, .. discussed in the memo by H. Ogren.

April 29, 1991.

SHELL OltlfHSION AHALTSIS AT SLffORT SUTlQH
Spacer dla-eee,.. .1560

2x Itr.woH. .0028
5pae~ dlo. o~eooed. -.0002
Pocted dlc.ot.,..O. • J58IS
~ll .,'dtll.C7.06~O), 1.1200
!hire dlag. (8-0). 1.2688 .
LMg dlag. Cf3. J2.(-o). 2.081S

SECT II - A

Nt,.. J..

~""I ...... r

I I''''

A. c:ouiderable amoUDt or desip and agiDeeriD.g work zemaiD to be done on the 4 meter module. At

the preRD.t time no fundamental difBeulti. with the concept are t'oleleell.

3.1.2. Endplate

Each module ia capped with aD endplatet .. shown in Fig. 3.4. This endplate h.. multiple functions.

It holds the signal wireI ud tn.nners the wire teuion to the shell. It ia also a gas manifold and provides
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an electrical connecuon to the prea.mpliJier lor each signal wire. Prior to attaching the endplate during

auembly, the straws and the wire suppod. will be premounted in the shell. The electrical connection to the

inside metaliled cathode at. t.he ends oC t.he module will be made by dip coat.ing the ends oC the st.raws with

conducting epoxy. (An alternauve spring contact. cat.hode connector is also being studied.) The endplate will

then be inserted into the shell but. will not. touch the ends or the sirawi. The straw. can then be threaded

with the signal wires, which are attached and tensioned with a.solder connection t.o a clip in the endplate,

(A aolde:leu method or wire connection is being developed.) The endplate also acts as one side oC a gas

manif'old. The drin chamber gas enters each .traw through the same hole that holds t.he sclder clip. The

other aide oC the gu manitold is a plat.e t.hat. cont.ains signal !eedthroughs, which mend through t.he gas

manif'old and make cont.act with t.he solder elips. The printed dtcuit board Cor the electronics is attached to

the Ceedthrough plate. Thil coutructiOD results in a very .hort end section OD eliCh module and a very low

m... connection. The goal is Dot to allow the material in t.he endplate to exceed a lew percent oC a radiation

length. The gu leal Cor the module is the t1fOo'pieceendplate. This results in a simple leak tight unit and

eliminate. the neceuit7 or COmUng & gaa leal Cor each .traw. The module shell itself becomes the gas barrier.

-..,

...
--~.. ---".

~----- I. IIJ-----t-.,r

•0!5 DIA--H+fI~)

0.1250'"

Fig. 3.4. Endplate design ror the 84 .traw prototype module.
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A module toget.her with the appropriate clect.roma becomes an independent. operating drift chamber

similar t.o a Sauli hexagonal chamber [R. Bonc1ier,et al., Nncl. Insir. and Methods, A283, 509 (1989)]. It

is anticipated that each module will be completely tested and measured before insertion into the tracking

riructme. Tw is an important step in the ..sembly. Each module can be mapped using X-rays to usnre that

placement tolerances are met with resped t.o t.he aUachment fiducial points at each wire support position.

The nltimak precision of t.he drift chamber is obt.ained by knowing the posit.ions or the wires both at the

end. of the modulcs and at the intermediate wire support. points.

:U.3. Module Attachm.ent. t.o t.he Support. Structure

There are a number of method. that haw been proposed for attaching the modules to the support

.tructun:.

a) Simple bondiDg to t.he support qlinder. This hu the advantage of' simplicit.y. It might require the

construction of. module holda that. maiDtaim the module in alignment and rigidly positions it for

bonding on t.he cylinder. There are a couple of diAdftDiages t.o this scheme. One is that. it requires t.he

qIinden and t.he modules to be assembled u • unit., 10 that each must be ready early in t.he construction

sequence. There might. be u man,. as eight IUch cylinden to construct, which would require careful

cootd4t;ation toDd might. preclude construdioll or the modules at sCTeral sites. Another disadvantage is

thatU doea not allo... £Or eas,. repair if the module is damaged or needs replacement. It would require

diAuemblinl the enWe structure to pin access to and replace the module. As an alternative in this

lCheme, t.he modulea could be bonded t.o support rings spac:ed along t.he cylinder &%is or directly to

the cylinder. The gap bet....een the cylinder and its required position could be filled wit.h a thickness of

bonding agent..

b) Bonding oflupport l1eeTCS to the cylinder. The IUppOrt. aIeeTCS are positioned on an alignment manchel

that positions them on t.he cylinder. The mandrel then is remoTed by slipping it. anally out of the

sleeTcs. The adT&D~age of this method is ~hat the final modules do Dot have to be bonded to the

qliader early in the aaembl,. sequence. This is important both from scheduling considerationl and for

wet,. re&IOU, ace it. reduces the poaibUit,. or damage during construction. At. a later stage in the

UlClDblr sequence, perha~ u late u the reaaemblr at SSCL. the t.ested modules could be installed,

b,. I1idiq them in uiallr. At that time au alignment check would be made at Inera! poinu on each

module. This allcnn the option of bODdinl the modulea in the sleeve at t.w point or designinl an

UDlocki.nl teheme t.hat would. allow the module tc! be remoTed. at a later date. It the laUer option were

taken. it. would be pouible t.o replace a module quit.e euilr during an extended shut.down, without

diMaembling the enWe &na,. of'lupedayen. There is one design under consideration that builds these

sleeTea u .. int.egral part. or t.he cylinder-.

c) At.taching a module supporting dnice to the cylinder. This is more complicat.ed than a sleeve, The

module support. device is bonded or mechanically attached to t.he cylinder umng an alignment mandrel

11



.. in tbe cue of tbe sleeve. It bas the advantages of the sleeve design, but could be made so that

the module eould be installed by directly clipping it in radially. rather than sliding it along its entire

length. Thia has the advantage that radial obstrudions in the internal support structure do not prevent

a module from beiDg removed and would in principle allow the interchange of a module at any time.

3.1.4. Stereo Modules

The uial modules and tbe .tereo modules will be 4 meters long (half' the length of the full tracking

cyli.nde npport). This mUCI the construction of the modules less cumbersome and keeps the occupancy

10..... It also MUCCI the module end displacement during rotation about the module center.

The stereo modulCl are rotated appro:dmately 3° about their eeaters, This corresponds to a tangential

ahiR or ~h. ad or each module by abou~ 10 em (the module width it about 12 em). The radial.hifi. of the

end oUhe module from ~he reference circle due to this translation iI 0.34 em. In order to reduce interference

of the comen of the modulCl, alternate modules ....ould be radially shifted by about 0.5 em .. shoWD. in Fig.

3.5 aDd 3.e. The hal eonftgazation pTa complete eoftrage £Or all tracks.

The aUachment of the stereo modules to the support cylinder can be done in any of the three schemes

mted abon.

-
3.1.5. Advantages of Modules

Th. dra.... modules are iDdependent tracking uniu that can be aaaem.bled in parallel and completely

pretested bct'ore iJuertiOD iDto tbe superlayer. They can be c:alibrated and tClted with the final electronics.

The modules are also repairable aDd replaceable .. units. The envelope construction also simplifies. the gas

containment, ....hich h.. ..rety advantagCl. The flual alignment of the modules on the superlayers also is

eui.er and less Ume coDnJDing, since there will typically be ouly about 100 modwCI to place around the

cireum.£erence or one nper.layer at each end.

12
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Fig. 3.5. A cut-away new or the ltereo module luperlaYef.
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Fig. 3.S. A. new at _=0 tor the .tereo operlafez showing the usIa ud radial displacements of the modules.
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3.2. Straw Tube Bundle. o~ Single Stl'awl (Suppo~t £01' Wire 'I'ension and Elect~onic.

Pronded b,. Support C,.li:Dd~ End Rings)

3.2.1. General Concept and Prototype Ped'ormance

The goal of the luaw tube bundle/lingle Ibaw approach is to design a Itraw tube lupedayer using

simple, low risk engineering principles. By constructing and operating a 2.7 meter long prototype over the

put 12 months, a technique for luperlayer fabrication bued on bonding individual straws to a stable base

.urface has been developed. This f'abrication procedure provides the requhed precision and is simple to

implement. Figure 3.7 show. data recorded £rom this prototype using cosmic rays, the details of which are

described in SDC Note 90-00119. The SDC barrel backer can be fabricated using the concepts developed in

the consuuction or the 2.7 meter prototype..

a

150

1<40

120

lCO

aa
60

040

:za
a
-to

b

t.

Fis. 3.7. Per£ormaDce of a 2.7 m 10DS lupedarer coutructed or individual straw tube drift cells. a)

A trigered COlimiC ray track traTening a luperlayer. b) DUtributioD or the residuals in millimeters

obtained ums cosmic ray uaeb. A .tandazd denatio.n of 110 pm is calculated !tom a saussian fit

to the histogram.

Two Itraw tube .upedayer daigu are dac:ribed in this document. In both, the tubes are placed onto a

qliDchical npport structure ather individually or in groups. The primary .tructural diff'erence between the
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lingle Itraw concept and the modular approach is the method by which the wire tensile loads are transmitted

to the bue cylinder. The lingle straw approach trammits this load to the cylinder through rings on each end ...... c:I

of tl!e cylinder. Calculations done at ORNL (David Vandergrift') have shown that a carbon fiber cylinder

with thicbeu less than 0.3% radiation length can support the wire tensile and gravitational loads of the

Itraw luperlayel. For this design, the stzaw tubes span the full 6 to 8 meter length of the cylinder with no

IUpport .tnlcture at 11 = O. An intra-lube terminator. centered in the straw, divides it into two drift cells

read out at each end. The terminator and sense wire supports allow gas to fiow through the full length of

the tube, and permit wire Itringing after the cell is assembled.

3.2.2. Assembly of Pretested Drift Cells

Figures 3.8 aDd 3.9 illustrate the assembly and testing sequenee for a lingle straw tube cell. Wire

.upports and end plugs. are inserted into the sbaw tubes and the assembled unit placed on a temporary

holding flxiure <see stepa 1 to 3 in Fig. 3.8). This fUture is mounted on a fiat surface containing a jig which

align. the tubes ~8 a series of -combe". This tcchDique has been perfected using the operating 2.7 m

protot7Pe. Appronmate1y 50 tubes woald be mounted at a time. The ICDse wires. are blown through the

tubes using the reed mechanism .hown in step 4 in Fig. 3.9. Experimental tesil show that this procedure

can be ute9 io blow a wile through a tube 5 meters long with up to 8 wire supports. It is simple and reliable.
~,.- .

(1) lnsert wire support into endpluq

..
Wire Support End Plug

(2) Insert endplug/wire support into strow tube

J:SS;;;C
Endplug/Wire Support

Straw Tube

J
..f§J__

~ -/~D c:'"

(3) Insert straw tube assembly into holding fixture

_!!!!!!!!!!!!!~
~Olding Fixture

Fig. 3.8. Assembly sequence far a single straw cell: preparation of the tube and wire support.
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(4) Insert wire

Sense Wire

Air

L Wire Feed Vclve

Holding Fixture

(5) Tension. solder. and test
Plug

~.~ rensioning

--_..~ '-·So'.o,

\ense Wire

~.

(6) Release tension and assemble for shipping

----r:SS;t r

FiB. 3.St A8embly Hquencc for & lingle straw cell: wire iDsertion and testing.

(7) Assemble onto cylinder ond retension wires

~~~.:S;"'~IZIZl:!!I2l2!~;~
LL / Mid Tube Terminator

End Ring L Cylinder .

Tensioning Wedge

rig; S.10. AMemb11 of tested straw tube drift cell onto the nppon cylinder.
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NeD, the wire is tenmoned and secured in a clamping plug. The drift cell CaD now be tully tested (gas,

high ToUage and readout with a radioactive source). After these tests, the wile tensioning plug is released "-'" J

and Ilipa into a recess in the tube end plug (step 6 in Fig. 3.9). The wire elasticity is sufficient to hold the

tensioning plug in the tube. These pretested drift, cells are now ready for mounting on the support cylinder.

Completed .traw tube eelJa on the IUpport cylinder are .hown in Fig. 3.10.

The detaila of win support construction are disc:uaed ill Section 4.1.5; A solution for the fabrication of

a mid-tube terminator and inaulatiilg wire break it presented in Section 4.1.8.

3.2.3. Superla1e! A.uembly Concept

Auembl,. olUe .baw tube tracking Iyltem into superlayen is accomplished by placing individual straws

on a npport .trudun. The lUst cODitruction step it to auemble each Ibaw tube drift cell &I described

abo..... The liraw auemblia couilt of wire IUPPOrts, mid-termination, end plugs and a sense wile. The

tested and certifled liraw drift cell it read,. for furiher auembly into IUperlayers.

,

i
I

101."0 c.~\A.
40 .......

..u-~~

f. s~.-- .

I
I

'::I:.'---- 17.- _.
we

Lh.. ~ 6I-AV:
.1J A JAC.:<

...J. ..... !!06

L0J,.-rlO MaTo~

.

- -I
I "Zze."-o CoM.[-,----------.,;;.,0.1...,----------

Fig. 3.11. Prototype .traw tube placement machine.

The c:ertUled .baw tubes are pacbged and shipped to final aaembly sites. They are assembled onto

the support qlinder indiTiduall,. or in grau... The lli.ngle .traw concept it preferred at this time, but both

concepti are bc:inl naluated. An automatic straw laying dence iJ beinl dereleped to apply individual
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.tra..... to the nppori cylinder (Fig. 3.11). The FY 1991 R&D effoti places high priority on automation

of the .ua.... laying procedure. Thil will veri£y that precision and speed requirements have been met. A

.uperlayer is completed by laying a full complement of straws onto the cylinder (Fig. 3.12). The sense wires

are ze-teuioned by pulling the win clamp into position in the end plate. The wire tension is transferred

to the IUPPOlt cylinder through the endplates. Each endplate consilb of two plates separated by a rew

millimeten t with the .pace bet....eeJl the two plates leniDg as a m&D.if'old to provide gas to groups of tubes

(Fig. 3.13).

PLACE STAA~ON CYLINDER

-~

--G::I-----e--

~ ~
[tCS AIW;SfJ) INSTALLED

I --e3E=- aa::fE33-

~-

Fi,. 3.12. Placement of .tra.... tubes onto .upport cylinder.

The .tra.... tube-is aligned nlaUft to the IUppori qlinder bT a placement fl%ture. The tubes are glued at

about 30 em intenals, ....hichlocat. them with ftlpect to a ftxed refe!ence point on the cylinder. The position

of the wiftI a& the wire npport loeatioDII wiD be· mapped uing a Sr-90 or X-ra,. lOurce ancr cODlltl1lction.

At ftDal auembly DC the tracking IUperlayeu into the run tracldDg detector, the ftducial reference marks on

the qlinder are aliped with respect to each other. This provides core1ation of the entire central tracking

componenb.

The auembly soal u to automate the sUa.... la,ml and alipment procedure 10 that a single straw is

placed On the 'table-hue cylinder in , to 10 minutes. Thil rate aIlcnn SOX to lOOK Itra.... drift cells to be

mounUd per year at each uscmblyate. ThO ftnalltep ....ould be performed at onl,. two 'Sites due to the

relatift IOphiiticatiOD of the environmental control and placement tooling required for the assembly.
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3.2." Stereo Straw Tube Superlarerl

Suaw tubes ean be formed. into hermetic, simple geometry in uial superlayen. For stereo layers the

.traw tube geomeiJy ean be no longer uniConD or hermetic and a tracking solution using scintillating fibers,

which ean be wound in a low pitch spiral on the lurl'ace of a cylinder, is more desirable. Howevert 1L solution

ui.ng the ItrlLw tube construction described in this section is aho possible. This requires replacing the simple

qlindrica1.upport .irucime with a hyperbolic .upport .urfaee. The strlLWI would be laid with small angle

Itereo uiDg the same fabrication techDi.que described above for the uialltraw layen.

~ Delrin insulator
Pin.

~

Fig. 3.13. End ring deiaU showing an aaembled .uperlarer.

3.2.5. Coacluions £Or the Single Straw Appro.c.h

The adftDtageI of tm. proceclue £Or .iraw tube nper1ayer construction stem Crom the utilisation of

low risk ad simple engineering. 'The renlUng deteetor has Tery low maa construction and results in an

iaotiopic aDd hermetic nper1ayer construction, adT&D.tageoa. fOf triggering and track reconstruction. By

preteriing the inclindualltraw tube dzift cells at many sites, the ad'flUltages o! mass production can be

realiIed. To insure quality conuol of the flnal npmayen, only' a t'nr sites (probably two) would be used for

the eDThonmenially controlled .&raw tube placement aDd alignment. This Cabric:ation procedure will allow

the complete uaembly of appronmatelr two eylindrica1nperlayers per "ear at each assembly site.
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-ta. EVALUATION OF DIFFERENT APPROA.CHES

4.1. Engineering and MaDuCacturiDg Feasibility

In the outer tracking system, we can divide the feasibility into two different areas. One is the feasibility

of producing Itraw elementa, whether they are single cells or modules. The other is the Ceasibillty of placing

elemenu Oil a suppon cylinder to make a luperlayer. The superlayen are combined to form the tracking

IJitem. There are maDy oTellap areu of the two approaches we han diaC11SSed 10 far. The design oC the

qlinder and structure to luppon them is one. Another common area is the components used to complete

a .mgle Itraw cell. IUch u a wire support.

In the following subsection, we will discuss not anI,. the common areu but also the difi'erences between

the two approaches andthcir couequences.

For & leuibilit,. rind,. or cout.ructi.ng the outer tn.eking system, there have been several plototype

system. built. One ia bued on & modular concept, and the othu ia hued on a single straw concept.

. Th. c:oub1ldion oC f'our 84 maw modules each' 30 em lonl has been completed. The experience

in dealing wiill iIlae multiaUaw sysieDU has gi't'eD us an understanding of the engineering feasibility of

eztmdillS the design to 4 metem. We are using them to riud,. alignment, resolution, electronies prototypes

and mtedaHs to them. We han designed and built tluee cillrerent molds (or Conning the composites and
~- --...

worked clOle1)' with CompOlite RomaDa and ORNL in UDderstanding the final shells. The design of a

composite mold for a lrapaoidal module 1 meter in length has been completed. The construction of this

mold ia now.m ita ftu1 phue, and the Int Uapaoidal ahell .hould be itDished by the end or May, 1991­

The design lor a fall-Iength, 4 meter Uapesoidal mold should be started in June, 1991.

For & }UOtotype emplo,.ing a lingle .traw placinS concept, a 2.7 meter long 84 ch&Dnel chamber was

constructed in Septembu, 1990, Oil a Sat .ur£ace (_hich simulates the support .tructure). The chamber has

been OPeu.tinl .mce iIlen. trsinS the prototype, .tudies such .. resolution .. a t'wlc:tion oC high volt&~ and

pi mixtuc, &ttenuation length, &Ad per£ormance of di1I'erent electronics han been performed. A test to

simulate the sse rate ia being set up usiDg H't'eral high radiation IOUlCes (Sr"). Electronic responses, space

charge, aDd resolution are lOme of the tests to be cOllducted.

,(,1.1. Support Cylinder

SUaw elements, whether the,' an modules or mgIe maws, are held in place by support cylinders.

Studies c:auied out at OUL aDd WSTC .how that the support cylinder can be constructed with the desired

thickness and thc tolerance we want and at reasonable COlt. The cylinder is made of carbon fiber composite.

The construction is 1 em o{ Rowell foam sandwiched between two lo-millayen of carbon fiber composite.

Calculation ahows that an 8 meter c::rlinder with a radius of 1.5 meter defiects less thu 10 microns at

the middle when end rings are attached. Exteuin cost estimates wen: done by ORNL ud WSTC. and

Table 4.1 shOWl the .ummary or the COlt estimates Cor muufactuzing the cylinders. Smaller lise cylinders
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are roaiiDely constructed, and no great difficulties are expeeted. We have already proposed to construct a

Imallc: lise (about 4 meters in length and 0.75 meter in radius) cylinder in FY 1992.

TOTAL COST ($K)

CYLINDRICITY REQUIREMENT (IN.)

CYL 0.0. .001 .002 .005 .0lD .020
(FI)

4.4 660 330 173 145

5.2 1870 390 205 170

MACHINING REQumED
6.6 2375 1190 400 258

I AFFORDABLEI7.8 I S8S 450

_R&D REQUIRED
9.2.-:0: - 3310 1380 635 442

10.5 3780 1890 722 590

Table ••1. Ca-t of large cylinders of several diameters and for several grades of precision.

'.1.2. Placement TooliDg

The naol imporlant iuue ia to deTelap a technique to place Itraw elements accurately and reasonably

quickl,. onto the npport cylinder. This requires an induing mechanism and placing equipment. Like the

hue cylinder. tooling g requiftd Cor both approachel although the detaila ma,. be a little di.1f'erent. The

delip. of the tooling g ill prosre-o

'.l.S. Supporting Structure

There haft been lOme conceptual desigu from ORNL and WSTC on how to support the several

nperla)'eftl once th.,. are collltrueted and how the outer tracker will be IUpported. Although there is a

great deal of detailed work requim:l, no really difIlcult problema haft been identified.

••1.., Strawa

The buic drift cell g constructed with a plutic bued cylindrical cathode strudure and a 25~m diameter
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~ &long the uia, a described in Secnon 3. MOlt oUhe Itraws that have been built up to now are formed

from an outer myla.r wrap 12 pm thick and a 15 pm aluminised polycarbonate film inner layer. We have

been using Itrawl manufactured by Precision Paper Tubcs. Wheeling, Illinois, and Stone Industrial, College

Park, Maryland. The tubes are 4 mID in diameter with & 37 pm wall thickness. Strawl up to 3 meters

have been constructed. The manufacturers have indicated that longer lengthl are possible. A more detailed

discuuion will be required ulengthl up to 8 meters are required. We abo need to negotiate cost and schedule

!or manufacturing~ of yezy large numbers of ItraWi.

4.1.5. W"ue Sappan.

Due to electrostane wtabUity, a wire support iB required about evezy 80 em. Several designs {or wire

suppon. have been carried throagh to fabrication. Over 2400 pieces olthe -double yw design (Fig. 4.1)

have been produced. by RT! plaua.: Other companies are now bidding on the project in order to establish

coati t'or large lC&1e manufacture.

Another d~gn iB the -:l'wister,- which ha a spiral hole iuide a plune cylinder u shown in Fig. 4.2.

The wire supporil are made by flrst extruding a long solid plane rod of the appropriate diameter. The

rod then is passed through a special fixture for ma.ebjDjng out & spiral groove along the length of the rod.

As the 10cridu file fixture, 1 em long IeCnoDi are weed oft'the rod. Strict quality eontrol will be used to

euure the depth of the Ipiral groove and the diameter or the rod are within tolerance. This method for

mau producing wire IUPPOn. hal been shown to be reliable and cuy to implement at very low coat.

4.1.8. Shell

For a modular concept, aD external carbon composite shell holds the straws in alignment and supports

the wire teuion. For the engineeriDg baseline design, for ezample, at lean 812 composite .hells woold be

fabricated. The number of modules would be diBpoeed .. follows:

a) 'I'ziggu la7Cl #8 would have 192 modules..There would be two types of molds required, one for the

in-facing and ODe Cor the out-facing modol•.

b)- Stereo la7Cl #5 - 17S identical modules

c) A..J:iallayu #4 - 180 identical modules .. in la1U #5

d) Stereo layu #3 - 144 identical modoles .. in layer #5.

ThUi three eWFerent types of modules would be required. Tha module design and manuf'aeture woold

rep!eKD.t the mOlt upiflC&Dt uped of the engineerins work iD thiB approach. As part of the preparation

of the 1 meter Ions mold design, we have compued the mold aDd part mes for a 8 )( 8 inch tes~ panel of a

m la1ft paDel uiDg Hercules URMS3S01-S prePteB tape with a 38 million modolu. The report (R. Foster,

April, 1991) iB included, and tha resulu agree well with a aple calculanon using the GENLAM program.

The tesb on the the 1 meter module will help us understand the problema in increuing the length to 4
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meter.. Design of a full-sca1e module shell will begin about June, 1991, and the first prototype should be

a'fllilable in Fall, 1991.

OoubLe-V wire support

Go-tn mCli be
plcced on
this Fcee.

0.020 :

o J560 +. 0000 0 [A
. -.0005

---- A bond of
conductive silve~

lacquer pointed i"1.~!"C·

Fi lm thickness •
. 0002 "

IItdCh = .09

.s- _ ,..eF..~.lil.DLJ
o ~;eo +. 0005. -.ooos

identical pieces are snapped together
to make a dovbLe-V wire col Lor.

ScoLe. 20X
Revised. S-JUN-90

inches

..svc ......_

Fig. 4.1. Drawing of the -double-Tee" wi:e support..
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-.

Fig. 4.2. Conceptual chamg of the ~wister"wiresupport.

4.1.7. Endplates

The endplate desigua are clli£erent for the diJl'erent approaches. For the modular concept, &D endplate

which It. into the ad of the module ia requUcd. For the single atraw concept, the Itraw tube termination

plaie _,M man;fold ia pgt of the ad ring ued to support the qlinder.

For IIIla1l aile _dplau.. DlaDuf'actums has heeD eaaied out for the S4 .iraw modul.. uaug numerically

controlled milIiDStechniques. For the atraw tracldD.sl7llem of tho apeering bueli.De design, about.·269+) }, ....

pieca an requiled. ud would probably be done iD • similar lII&IUler. although moldiDg t.echniques are bmng

eyemined.

For a large CODtinUOU eadplate. the plates would be made or carbon composite material. The holes on

the plata would be cbilled after the adplates are mounted on the hue cylinder usUl.S & precision indexing

mecbanilD!. There are two plates on each ad of the cylinder, ono of which Sa the end ring for t.he support

cylinder.
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4..1.8. The Mid-t.ube Terminat.ion and t.he Win! Coupling

One way t.o reduce t.he material.at the middle of the shaw t.ube t.racker is t.o t.erminate the sense wires

inside t.he t.ubes, as .hoWD in Fig. 3.10. The termination permits gas flow. For this scheme there are two

requi.remenb. One i. t.he terminator itself, and t.he other i. the wite coupling through an insulator at the

middle.

The D1&Duraduring of the mid-tube termination will employ many of same techniques used in manu­

facturing the wire .upporta. First, a long composite rod with an inner core of conductive plastic with the

proper rai.thit.y wit.h a coating of dielectric skin will be made. The rod is t.hen passed t.hrough a fi.%ture

identical to the one UJed for t.he wire IUPPOrts. A Ipiraled Stoove (with a depth slightly less than cut in

the wire IUpporta) will be machined out of the rod. As the rod exits the fi.%ture, 1 em slices are cut. Strict

quality control will be used t.o eJPU%e the electrical properties of the composite rod meet specifications.

A. mechanically continuoD wire with an electrically insulating coupling will be manufactured using a

borosilicate hard glut t.o couple to the ends of 25 pm gold plated tungsten wite. The ends or the wire are

iDaened into. ama1l gl.. tube which b held in a carbon base ftDure. The·ftDure is heated enough to

.now the fuinS of the wire enet. to the gl.... This method allows CUttent automation techniques used for

handling ama1l diameter wire to be employed to mau produce the wire couples. The glass coupling provides

goodm~ ArcDgth anel good electrical insulation with"err lit.tle mau anel at a"ery small eest, This

·tedmique baa already been elemoutrat.ed _tisfactorily.

4..1.8. Suaw 'lUbe End Plugs

Th. end plugs are neceu&r7 for the lingle straw concept.. The enel plugs for the straw tubes .ern three

purpoeel:

1. They proride a pat.h to ground for the .traw t.ube.

2. They proride an &Ccca for gu into and out of the .traw tube.

S. They proride for wire npport. at the ut.reme ends of the Itraw tube.

The enel plug will be a stepped (in outside diameter) hollow cylinder 2 em long made by iDjected molded

conductin plastic. The inner nrface of the end plug will be coated with an iDI~ator or ha'Yl: an iDllulating

ceramic l1eeYt1 around which the coDductin plastic b molded. A. small diameter wire support will then be

inRned in the laqe diameter ad of t.he end plug (see Fig_ 3.• 8).

The buic aaemb1y of the dzaw tracking system coJUisU or 4. .tepa. The first is quality control of

indiridualilirawa. The HCOlld b k) prepare them for placement OD the support. cylinder eit.her individually

or by usembling them into multisuaw elements. At tm stage the buic straw tube elements will undergo

testiJts and. quality rt'&1uatiOD. The thUd b placing and alisning the elements on the cylinder. The last is

the oftfIJI tat of the IUperlayer including electronics.
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4.2.1. Eue or AAembly

Depending on the approach, the individual straw test steps will be a little different. For one approach

(:Cor uample, the single Itraw approach), the testing will be extensive .in4;e it it lomewhat difficult to

replace tubei once they are placed on the support cylinder. For another approach (for example, the modular

approach), the telting may not have to be as extenaive since the testing will be performed after a module is

couUueted.

Here are lOme scenarios showing how to auemble the outer tracker using di1f'erent concepts.

For the single Itraw concept, the :Conewing steps are required. After the straw tubes are inspected by

eye and the necessary components, such as the wire support and end plugs, arc placed inside the tubes, the

tubes are placed in a jig IhOW11 in Fig. 3.9. We expect to mount about 50 cells at one time. The jig is placed

on a optical table or an equaDi tat nr£ac:e. The HUe wire is strung and teDlioned.

The wire is iDlerted uiDS the special Y Ihaped TIIlYe, IhOW11 in Fig. 3.9. As air pUles through the

primary branch of the ftlYe, the wire is pulled alons and follows the path of the air flow through the wire

suppoda and out the other cd.. This tec:Jmique has been reliable tor quickly inserting wiresinto horisontally

oriented i III straws with IS wire IUpports. Thia technique can be ew)' adapted tor automation. The length

of wire~ b!to .the Itraw coald be measured b)' a low friction traekiDg wheel that rotlLtes as the wire.-- .
is pueed, om the wheel.

After the eeue wire is smmg, gu will be intzoduced into the tube tor pe leak, high voltage and seueee

_to After "ecling good cells, the teuion in the wire is relined br taking out the fcedthrough from the

second plate and iuertiDS it into the end plug (Fig. 3.9). These tubes are then read)' to be placed on the

cylinder. Thee pretest Itepe can be done in leTeralloeatiou independent of support cylinder preparation.

The 8 meter long ueembled single Itraw cella caD then be transported to the lite :Cor p1ac:ing them on the

qlinden.

After they are placed OD the cylinder, the wire is retensioned by limply momg the feed through to the

MCODd plate (Fig. 3.10). Of cOUlle, if an)' wire· breab at this point, it caD be replaced easily. The gas

sealinl i.I not dODe tube b)" tube. It is accompliehed br poumg a thi.D la7er of low Yiacosit)' Iilicon glue on

the endplata. The pue will low around the end plug (Of lcedthrough). This technique was used in earlier

chambers that we coutJucted and fomu:l 'Ye'f eft'ecu'Ye.

In the modular approach the iIldiYidual .traws would pall aD mitial quality check aDd then have wire

supports bonded at locatiou separated b)"80 em. Croupe of2~ straws would be held in a jil clamped IUl.d

bonded at the wire Appori poIitiou to lock in an accurate c10ee packed structure, &I shoW'll in Fig. 4.3.

Th.. unite would then be placed ill the carbon Ihelle and bonded. After making the electrical cOlUlection

to the IUaw cathodal the endplates would be added and the wiles would be strung. At this point the entire

module could be tested and calibrated.

ID. the bueline design, a total of about 700 modules would be produced. It it anticipated that the
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aaembl,. could be done at several di1l'erent sites over a two year period. As a separate assembly step the

modules woaJd be attached to the nperlayer support and aligned as shown in. Fig. 3.5. In one of the

auembly scenarios this final step could be done at the SSCL.

FRI HOV :2 1990

Open Box g Lid SheLL Design

bo><-Lld3

t

i
i

Box and L.d

x

!'hI. cr-ape.zold I. bwed on .tI'GN

pact/1l9 0' 8 L.,.. wi th 32 su-- on baH.
TotoL .u--. • 228
Pocked .traw diG•• • /592

.. (

...~""I.._·-----:3.11

Fig. 4.3. Diagram of the box and lid modular design.

4.2.2. Alignment

For the modalar concept, alignment takes place in three steps. The7 are the alignment of straw tubes

with respeci to the abell, the II1ignment or shell with resped to hue cylinder, and the alignment or cylinders

with~ to ..ch oth~. I:o. the 1IDi ltep, the win position will be cbecbded using X-ray 10urCes once

ther ale IUuDg. Thilltep caD be can:ied out on the modules in parallel. The alignment of Ihe1lll to cylinder

requinl • placement tooling u diKuaed. earlier• .A low mea structural support between the module and

cylinder is neceuary for both uiU ad stereo modules. This, ftnal alipment Itep should be much less time

eoDllUlli.Dg th&D in the upe straw concept.

For the illdiYidualltraw concept, only two steps are required £Or detedor alignment. First, once the

tuba uti mounted on the c7linder, the pOlition of wires will be 8unered using & Sr" lource and slits.

This procedure hu been used in prototype testa and found to be effective. The second step, alignment of
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IUpcrlayus with respect. t.o each ot.her, is t.he aame as for t.he modular approach.

4.2.3. Servicing

Although a wire chamber is quit.e reliable once it. is made operational and It.able, some kind or servicing

will be still required. For electronics and gu lew, the proposed designs are equally effective since gas

nppl,. aDd elecbonica are modular. It a aituation where a section of tubes has to be removed occurs, it is

Ter,.lil:el,. the repair would be done during a long .hut doWD where the chamber haa t.o be moved out to

an open area. BoweTe% it mqbe pouible t.o C&U1 out this repair without. remoTi.ng the entire superlayer,

depending on the design of the module IUpport. One design requires removal, replacement, and realigning

the bad. module. In the other design it is D.ecessat1 to remOTethe bad sectioD. ofiubes, and then restack the

sua.... Thil procedure has been developed. The supwa,.er c:,.linder mut be removed for this operation.

4.2.4. Stereo. Superla1Vl

Modules caR be held in place on the support qlinder b,. attaching them to the support rings. This

approach CaD also be ued for the stereo modules. In order to keep the baDSTerse shift of the ends or the

modules~ each 4 meier module is rotated about ita cater b,. about 3·. The difference in radial positions

(resultins :&om tm. rotation) along the lasth of the stereo module is made up b,. the low mas. attachment
o!!: =- .

hiure at each mg. The intenerace betWeeD the c:omen of the modules at each ad is eliminated by

displaciD.g alternate modul. b7 alDl&11 (0.5 em) radial oft'aet. This displacement is also taken up b,. the

attachment hture. The renltinl IieIeo npeda7ef, .. shOWD iD. Fip. 3.6 and 3.8, is quite similar in

appe&rallce to the axial nperla)'U.· Track C:OTer&8e for the Itereo la)'U 0Te: the whole lensth is complete.

Fo: the .mgle .iraw tube approach, a stereo nper!a1U is to be c:outncted on a tapered c,.linder which

bu a ama1ler radiu at the center compared to the ends. A. detailed COlt estimation of this t.,-pe of cylinder

has not been done•

....s. LoUI 'renD StracturallDtepit7

4.J.l. Badiation B.emtance

All of the Itraw nbc: compellenil are radiatiOll resistant. Carbon fiber, m,.lar and tungsten wire

an TerJ ndi.aQon resistant. The lira... haTe abo been tested and present 110 problelDl. The eft'ecta of

aDode and cathode &gins due to high eurenb are abo well Itudied aDd documented. The mixtures of CF.

with a h,.drocarbon (nch u IIobutue) are 1JeI1atudied. NeTerthcleu, the radiation resistance of all final

componenil mUit be established b7 tatmg.

~.3.2. Thermal E1f'ecil

Becaue of the large &mout of heat generated by the electronics and nearb,. Cl70genics and the re­

quiremail on alignment. and stabilit,., Tery good enTironmental control is aecesa&Z1 for the whole tracking
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.ystem. However, it is expected that there will be some temperature variation during construction and

operation.

The support cylinder made of cazbon hu virtually sero thermal expansion coefficient. The 8 meter long

mylar c:h&ngca about 2mm in length UDder a temperature change of 5° C. Since the tubes are glued on the

qliJlder, there will be lOme smallshess on the glue joint. In the modular option. the straws would expand

lengthwiM in the module, but not touch the endplates.

4,.3.3. LODI Term Structural Integrity

All material creepl, especially plastics. Because of this, in all designs. it u important that the tubes

are Dot UDder .beu. The material which takes up the most oUhe stress in the outer tracking is the carbon

fiber. Since carbon fiber is excellent agaiDat creep, ao problem is anticipated beeause of creep. Mylar has low

moisture absorption. Immersed in w:ater for 1 week at 25° C, it absorbs 0.3% of its weight. Moreover, the

cllil'ercnce iD the thermal expauiOD. coefficient changes by about 5-10% when the relative humidity changes

b,. 10". The behavior of the carboD fiber cyliDder of the shell may be more complex due to moisture

absorption than that of the 'mylar because it involves fibers in dif£erent angles and glues. A ca:eful study

haa to be done.

'.ok z:
4..4.. Izltenace with Elecbomc. aDd Cooli.D.g

A module is a .tand·alone drift chamber with it. own gu, high voltage, and electronics. The basic

iDterf'aciDg is 'ria the endplate structure. Several designs have been proposed.

In the iDdi'ridual or bundled liraw desip, although the endplate is One continuous plate, the electronics

aDd au supply are pronded for every 200-300 ch&DJ1e1s such that a bad electronic eard can be removed and

replaced and the saa .upply turned oft' to a set of tubes 10 a leak can be isolated. Because the endplate

pro'rides a good support for mounting electronics and providing gas, one does not have to worry about the

misalignment while working on the ends. The cooliDggas lines run around the endplate providing the cooling

for eleetronica. Again the endplate pro-rides a good support for the cooling gas lines.

4.5. Material in the Particle Path

The buic straw material repreaeDu a total thicbe.. of 1r X wall thic:b.eu for each straw. For a six

layu .,.stem. uu. Y eG7 pm of mylR. We take into account the internal wire supports by increasing this by

10% giving a total oC 0.32% oC a radiation length for each .iraw layu.

In the modular vemOD the carbon shell thicb.eu will be 250 pm. The enUre shell will then have an

equi~eDt thic:kneu of about eoo pm per superla7U or about 0.24 percent of a radiation iength at 900

iDcidence. The support cylinder' will have about 0.24% of a radiation at 90° (Table 4.2). There may also

be a amal1 amoURt or extra material in the support liructure for attaching modules On the cyliJlder. The

endplatel caD be quite thin. The endplatel for the prototype e4 straw module have an effective thickness
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or leu than ..bout 0.5 em or plastic. Thia would contribute .. thickness of about 2% or a r&diation length

DOrm&l to the ends. To thia mut be added the printed circuit board, electronics, cooling, cabling, and

cylinder .upport strut.. Figure 4.4 shows the effect of these item!. Figure 4.5 shows the material for the

wllole·m.ckinlsystein in the bueline desip.

tracker component radiation· sum with sum without
length(%) at modules modules
90 shell shell
degrees

Silicon system + beam 8.0 8.0 8.0
Ipipe·
fiber svstem+ supports S.O 13.0 13.0
support cylinder 0.29
module shell (10 mil wall) 0.24
straws and sunnorts 0.32
support cvlindcr 0.29
module shell no mil wall) 0.24
straws and sueeorrs 0.32
support cvlinder 0.29
module shell 00 mil wall) 0.24
stdWs and ..supports 0.32 15.6 14.8
SUPDort evlinder 0.29
module shell (l0 mil wall) 0.24
straws and sueeorts ·0.48

'bble 4.2. The material budget tor both the lingle straw ud modular approach Dear 90·.

For the clesip whea teJLlion i. takea up ~ the d.able cylinder rather the by the shell, the amount of

mataial at gO' ia 1.. than the modular design. by about 30%, which is about 0.3% or a R.diation length.

The thickneu of the .upport cylinder ia about the same Cor aU design. because compression load is Dot the

determiDing !actor of the thiebeu of the cylinder.

The material ill the region of the endplates may be .tigh\ly higher when the compftSlionload of the wire

~euioD it. ~raIdlerred. ~hrollgh the endplates to the hue cyliD.der. However, since a bue cylinder requires an

ad rinl Cor its support. and tlle end rinS will be ODe of two pl..hs. the iJacrem.ent ot the material would be

unall compared. ~ the modulu design. The present desip schmle calla for eoJlUnuous .traw tubes without

a bnabse at " == 0.0. The IeDM wUeI an terminated at the middle. Tm. design prondes the minimum

material near and at ." =0.0.
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Fig. 4.4. The amount of material in radiation lengths u a function of fI due to the straw tracking system.

Dotted W straws aDd clectroDies; daahed line: adds the support strudure; solid line: adds the shells.
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Fie:. 4.5. The total amount of material .. a function or fI Crom the beam through the tracking system. Solid

be Dear horisontal uia: beam pipe; next higher dotted be:' adds the silicon system; dashed line: adds the

sc:intillatiDg Aber syaemj dotted be add. the straw IPtem wit~ DO shells; solid line: adds the shells in the

modular approach.
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o&.e. TriueriAg COlluderationl

Both approaches UJe luperlayer Itructures, '0 the d.i1I'erenees are really in detail. Triggering on straws

in both the KEX 3/4 coincidence &Dd sync:luonisers makes use of the chin time difi'erence for radially aligned

wires. The C1ltT&ture determined flom local track legmentl, auuming the t.racb pass t.hrough the origin,

is ued. to make a cut in trauvelle momentum. Modules for axialluperlayell Deed to be curved to follow

the circumference of a cylinder in order to keep the wires radial. Since t.he Itereo luperlayers in the module

approach C&IUlot have wires ....hich are ezadly aligned radially, we plan to use only axial luperlayers in the

trigger. Perhaps the ltereo nperlayera could be used with a leeser curvature cut, and in coincidence with

&D axial iuperlayer trigger. If .t.creo It.raWI could be placed in .uperlayera directly on • precise hyperbolic

cylinder, the winsI would be radially aligned &Dd could be Uled in t.he t.rigger iD. the lame ....ay as for axial

luperla,..., but it is not clear that this wan&DU the meclumical complexity or IUch a design. Computer

aimulatiou or the trigger are 1I11der ""'1 ud will pronde iDtormation as to the number of luperlayers needed.

It 01Ut or two uialnper1aJUI are nftlcieJlt, the 1l0nradialltereo wUes will not.~ue a problem. Because of

con, we do not expect. to implement the trigger £Or all luperlaJ't!tl in any ~.

Another pouible problem for the trigger with the module approach is the t.rigger connection across

module bo~dari.. Thill can be accomp&hed without incfticiency, in principle, since the modules overlap.

'The witiDr-\ud logict however, will be more Complicat.ed with modules.

An adftDtap for the mo~ule approach 11· that ",e triger- electronics can be an integral p&rt of the £tont

end. electronics and m01l11tecl clhectly on the module. The front end electronics, including the trigger, ean

then be teaied lor each module IeJ)&l&telr .. pan of a parallel COIlSUuCtiOD. and testing procedure.

4. T. P .*tUB R.ecOpitiOIl ColUideratioal

The pattem recognition approach for alllChemes, since they involve luperlayer Itructures, is to find

track aegm.entlloca1l1 in luperlayers and then link t.b.em. The segmenta from all.parta of the tra.ekiug system,

the silicon inner tracker, the outer central tracker, and the outer intermediate angle tracker, are linked to

recoutruct complete cha:ged particle traaa. PaUem ~gnitiOD.£Or the trigger is diseussed in the p!uious

section.

As for the trisser, a module applO8Ch.. will involve complicatiou due to module b01l11danes and nomlLdial

wires. These complicatiou ....ould not be present in the lIC.heme with nped.reD oC wires placed on precise

qliDden. However. the ptoblema of pat\em recognitiOD. in c:roaing bondana have beeD. 10Lved beiore ior

jet cc1l eham~, ncb .. the Mark n and CDF CeJlbal chift chambers. A.s long u module boundaries do not

line up radially, a track which eoueI .. bolUlduy in one supedayu will be !olUld 'Without complication in a

neigllboriDs nperla'YCf. ItA 10Dg.. there ia IU1B.cient nd1lDdauey mthe trackinSl7ltem, module boundaries

llLoulclllot be .. ploblem. The uSOrithm could abo be written 10 that tn.ck segments crossing boundaries

weald be f'o1l11d iD the ftn:t p.... The scomdl'7 of nonzadial ...ue. can be calculated in soft ....are. The first

pus of the pattern recopiuon should be able to t\nd ttack leplenu without correction (tlW should be
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mTeliigated in the computer simulation). For axial superlayers the effect is small since the displacement is

radial anc:l1O haa little eKect on the curvature determination. 'l%ac:k segments will probably be found first

in the axiallUperlayers &Dd then linked to those in the stereo superlayers. Stereo superlayen are somewhat

more complicated since the radial displacement is coupled to the determination or the coordinate along the

wize.
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6. CONCLUSIONS .AND RECOMMENDATIONS

The luppon .truc:ture for the Itraw tube .uperlayers hILI evolved to a design which can accommodate

all the .traw tube luperlayer OptiOIUl dlseussed in this r.eport (see Section 2.1). The main remaining issue

to be raolved dub with the detailed proceduze to be used to construct the superlayeu. The institutions

worms OD tm. problem (Colorado, Duke, Indiana, ORNt and WSTC) have formed an integrated Itraw

tube poup which will p1lllue a eoordi.nated RJl:D program leading to the best, mOlt COI~ efFective solution.

The program ....e haTe developed· will iD.Iu%e that a .tlaw tube tracker iI available for the tuzn on of SDC.

Section 5.1 describes the .b..... tube placement concept and Section 5.2 present. the RkP work required to

arrive at the detailed solution.

1.1. P20POled Sba... Tube Placement Concept

The procedure lor fabrication of a nperlayer· haa three main steps.

STEP ONE: Aaembll and quality control of indbidual.tr..... tube cells. Thil step is common to all

approaches .. are coDaiderinS for the COutnction of npedayen. The Itraws could have wile lupports

iDRrted and ..nrea ltnl.Dg, high Yoltase, and su 110...., and be completel7 tested for gaa leaks and with

a radioactiTe lQurce, or simpl7 be Yilually inspected. After this qualit7 control, the chift Celli would be
..-; <#--

paued on to ...embll .tage two or three.

STEP TWO: Fabrication of multi-Ittaw tube elements. The drift cen. ....ould next be assembled into

multi-.tra.... elementl. These elements could beself'contained (e.g., lee the modulu dellcription in Section

3.1) or an in~ermediate fabrication Iftage which would be tlIed to traurer the mll1ti-ltra.... elements

~, \0 \h~ n,pport ¢lUnde. h ei\he UM, \h~ m'll1\i-1\l"'W ti~G\ 'Would btl u.bi~d,ed \0 \aimg

and qualit7 control before paning t" the neD usembl7 It"p. Note that step. one and t ....o ean be

performed at multiple usembl7 sites.

STEP THREE: Placement of Itra.... tube element. on.to support cylinders. At this Itase in the as­

M1Db11 pro~ the pretested .traw tube elements ....ould be placed On the npport cylinders, aligned

and attached. A. final check of wire placement and quality control of the .uperla7er .cction. would be

peri'ormed. ThiI.tep i.. in common to each of the OptiOIll being colllidered.

Step one iI ncceu&l'1 Cor all methodl or .traw tube npmaTel construction and will be pursued as a

eooperatift efFort. Step three, the placement of draw tube elements onto npport c7linders, is required Cor

all method. of npeDa7er COllltruction, ~1Jt will dift'er in detail if the elements are mgle Itraws, straw tube

bundles, or sel!-eOSltaiJled modules. For the lingle Ibaw approach, step three i.. most time critical. Step two

is most. time critical for t.he modulat &PP~

This BkD program will lead to a aiugle design of a nper!ayer or leCtor in time for the construction of

a 2000 tube prototne b7 the end of 1992. This protot1Pe will be used to establilh in detail the superlayer
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cozaaimcnon procedure and will demonstrate the measurement ptecision attainable. This plan requires &

decWon on the Itra" placement technique by about October, 1991. In order to make this decision, we have

established minimum RkD milestones that must be met for a given superlayer £a.brication procedure if it is

&0 remai.a as &11 alternative. The general FY 1991 R&D plan with the milestone requizemenb i. presented

in SectioD 5.2.

5.2. Cdtlca1 lU,D Mil.done. tal' Shaw Tube.

The BkD program. needed to determine the best straw tube superlayer structure is described in this

section. The critical iuues in the design will be alignment tolerance, the assembly techniques needed to

achieve it, and the resulting COlt. The R&D will be directed toward" the.te wues.

The: BkD program is outlined below.

1. Single cell Q. C. and tatins

W"ue npporb

TermiDaio.n

Cathode intesrity

W"~ iDIerlion lUld holding

~aeal,. -

Electrical cozmections

Straw handlinS tecJmiques

2. Pzotot7]»e m1l1u.baw element

Support lhe11 agiDeering

AMembl:r aequenC8

B.elatiw .baw/wire aligamCJlt

Q. C. ~ating and acceptance

3. Front end and triggeriJlS elecboDica

TeaUnS aDd e'A1uaUon or prototypea, interCace boards

Coolins. utiIitiel

4. P1acemeat ordraw tube element. OD npport eylia.den

Suppon cylinder

End riDS design

~ Structural

~ W"uc. gu CODllecUODl

Element placement tooling

~ Randliag

~ BondiDs
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• Alignment

6. COli aDd schedule

The czHica1 mila~oDea leading ~o a decision aze:

MODULES

•
CouUucUon aDd naluation or a

1 meter module. Evaluation items:

prec:i.liOD

iempezatqnjhumidity

PI nptneu

~

....mb1y procedu:re 10/91

Design of 4 meterc:uboD fiber shell 7/91

Fabrication or" meier .hell U/il

SINGLE STRAW

Enluation or 4 meter module

Enluaiioa itUDI .. abon. 1/i2

Detailed coaceplual design of

modular nperlayen (uialand Itereo) 10/91

CoJllUuction aDd iesUng of IS meter

drift celli, to evaluaie:

wire Apport

miDgiag two piece wire

JDid.tube tezminator

PI tightaeu 10/91

Detailed CODc:eptUal design or
811per!ayen (uial ad Itezeo) 10/91

Dll?elopment of detailed IChedule

for npmaJet COUbllctioD 10/U
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Prototype 3 meter straw tube placement

device; straw placement studies 10/91

Begin construction of 3 meter

luperlayer with endplates 1/92

Conceptual design or 8 meter straw

tube placement tool and fabrication

or 8 meter atraw 3/92

Critical da~:

1 Od 91 • Intemal design renew: Straw placement decision

1 Jan 92· Internal design review: Just before beginning cOlUltruction of multi-supcrlayer prototype.
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8. COS'I' AND SCHEDULE

Theft has been a detailed schedule and cost estimate of the central backing system for the Loi. This

work was done by Westinghouse Science and Technology Center and Oak Ridge Na.tional La.bora.tory. The

modular trac.king I7stem wu chosen for the COlt estimate for the LoI, but it had an alternate support

aaembl,., 10 we expect that there will be lOme cillf'ercnces in both cosu and schedule between the present

design and that. oUhe LoL The Lol estimate oUhe con fM t.he central outer tracking system was SSO.OM,

or which '20.8M were electronics cosu. We will hy to haTe more up-tc>date costs and schedules for the

d.aipl diacused iD tm. d.ocument b,. the time of the engineering miew.

...... -.--
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