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The dnign and construction of the new Mukm vertex chamber ia described.

- Initial tests with eounic Tays prove tha ability of track recanstruction and yield
. triples reolutionl be!ow 50 umat 8 utm using argon/ethane (50:50).

. We have nlso pcrl‘omad studies ml.ng a prototype of a presaurised wire vertex
chl.mhar 'lrlth 8 mm diamster straw gecmntr,v We abtain 35 um spatial resolution
uslnl dlmal.lwl ether (DME} at 1 atm and 30 pm using argon/ethane (50/50
mixtura) ut 4 l.tm, Preliminery studies indicate the DME to adversely affect
such materials as aluminised Mylar and Delein,
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Chamber Design and Construction

A vertex chamber has been deaigned for use in the Mark III experiment. The
chamber will be positioned inside the current main drift chamber and will be
used to trigger data collection, to aid in verlex reconsiruction, and to improve

the momentum resolution.

The vertex chamber consists of 640 thin-walled aluminised Mylar® straws,

" each-having a senze wire along its axis. The ends of the straws are fixed to 2.54
cm thick aluminum endplates, separated by 84 cm and epoxied to the beam pipe.
The straws are arranged in 12 layers at radii ranging from 5.4 em to 13.0 cm.
The chember sits in a carbon fibre pressure vessel, sealed with a second set of

endplates, allowing operation at pressures of up to 4 atm.

The central 40 cm of the beam pipe is composed of 1.27 mm thick beryllium,
plated on the inside with a 16 um thick layer of nickel and covered on the outside
with a 25.4 ym titanium foil, The remainder of the beam pipe encompassed by

the vertex chamber is made of 0.32 ¢m thick aluminum.

Figure 1 shows the arrangement of the straws at one of the endplates. The
first four exial layers each contain 40 straws parallel to the beam pipe axis. The
stereo Iayers, § through 8, contain 40 straws placed at sngles ranging from 3.002°
to 3.563° with respect to the beam pipe. The outer four are agnin ezial layers
containing eighty straws each. The 0.422 e¢m dinmeter holes in the Inner endplate
which serve fio position tho straws have been placed to an aceuracy of £50 um

for the axial layers and £125 xm for the stereo layers.

« Mylar ia a registered trademurk of E. 1. Da Pont de Nemours £ Co. (Inc.). We have used
typs A Mylar,

. )
DISTRMBUTION OF THIS DOCLMENT IS UNLIMITED
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_ The dumtnimlMylnutnmu;lm!nwmdhmtuudthewalh
7 mroushlyloo;mthht. 'l‘heltnmmmtruetedﬁomahmnfzsnm
. and somn th!ckMy!n mted ulutrolyticllly ononuide wlth 025 - 0.30 um
- _ nlumlnum The nhm are cut into narrow strips, wound hellcllly and Iunlnnud
logother. ADéltin' feedthrough ia held in place ot euh «nd of the straw by an
'mmmumouu. glu.m the ltuwulnsa.dlvu-lhdedw lefeadthmu;h
passes lnugly through the endplm holc and h ucmd on the back alde with an

A aluminumnut.

The ntrm are tenlion;d at 500 grunlabzr pnpulngthe straws 0.0 mm shortes

| than the distance between the two endpll.tu a.nd strauhlng them during in-

| stn.lll.tlon until they tm.u:h the endplstu. The ltnw ground is thus electrinlly
ccmnected to the endplate u;d 'b_em.plpa numbly.

\ f

'il:'he' éhl.mbai sense wim'm'BD ﬁm dlunatllur gald-phun' Itun;lun tensioned

at 275 8 "They are held in pll.ce by crimping ltl!nleu steel pins (inner diameter
115 pm). which bave huen prua-ﬁtled into l.he Dalrin feedthroughs. Signals
from one end of the sense wire are read out along the same coaxlal cable aa
suppltu the hl;h vom.;t. The ablu, which connect directly to the back of
the inner endplaus, pns throuxh the outar mdplutes wheze a 1 cro thick layer

othymtzssoF‘l‘jzl L\'epwpmidulprmm-tightuﬂ The pina at the

 other end of the sense wires are shielded with 8 cm long brass collars which, along
‘wlth the uninterrupted conxinl rendout cables reduce the crosstalk msidmbly. '

The chamber signals are amplified by & factor of about 80 using fast (500

4 Delrin is 2, registered trademark of B, I, Du Pont 3¢ Nemours & Co. (Inc.). We have nsed
Delrin 500,




MHs) Avantek MBA-D135-22 RF amplifers. The discrimination of the signals Is
achisved by use of fast (400 MHz) LeCroy MVI~407 chips. The minimal charge
required to pass the preamp/discrimator stage Iz & {C at 5 ns width, The signols
‘then are independently supplied to our trigger logic and to time-to-amplitude
converters (TAC-11, SLAC-135.589) to provide a drifi-time measurement with an
accuracy of o¢ below 500 ps.

Prototype Tests

A prototype of the vertex chamber was used to study various gases and gas
presaures, sense wire dinmeters, and operating conditions. The construction of
the straws in the prototype was identica] to that used in the vertex chamber,
Huwﬁu, the geomatrical arrangement of the straws was different. Cosmic ray
dala from two sets of triplets staggered by approximately 2:100 um were used to
* caleulate the resolution o by fitting & Gaussian to the distributien,

§ = (ditd) +d(a)}f2 - difa)

where i; is (he drifl time for straw i, and d{%;) is the drift distance correspond-
ing to the time #;, For saturated gases such as argon/ethane, we assumed a
constant drifi velocity varnpe of 50 pm/ns at these high voltages. For dimethyl
ather (DME), which exhiblis a non-linear time-to-distance relationship, we have
derived d(i) by starting with the parametrization given in Basi ef ol. (CERN
EP/88-56), and then iteratively determined the finnl d(2) -relation from the data
set iteelf.
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_ Flsure 2 shuws the llngle tube ruolutlon, c...., obtained with the prototype
bly under diﬂ'e.rent operating eondlﬁons Amunins the thres tubes in a

: trlplat contributa equ&lly to the rmlut!on. om. = 23 0. Th; data include

traeh at all nﬂial and longitudinal positions. No «mect.iou have been npp!ied

ase functlon of the longltndlml position of the tra:k We o‘btam 80 pimn spatial

resolution for argon/athme at 4 atm and 85 um rezolution at 1 atm using DME.

 The addition of small percentages of water (0 2% and 0.3%) to the srgon/ethane

m!xtura did nol'. ahnw any change of the reaolution The optimum resolution

‘I‘ "
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voltngu. !n contrast wlth the argon /ethane rnsult., which is quite sensitive Lo the
voltnga. !n addll.iun, the use ol‘ DME allowed to operate the prototype chamber
ata  very high ga.ln of up to. 10’ '

: Inltlal Tests wlth the Vert-: Chamber

“The cunstrucl.ion of the :hunbet naa.ra camplctlon and nltfal tests with coamic

rays m uud to detarmina the, chunbar performance After each sublayer ia

,completad the chambet isplaced ina atael presaure can, filled with argon fethene

(50'50) ang openteﬁ at 3 atm, The event tri;get and the time reference are both
prmrlded bys cuincidence of mntlllation cmten. mounted above and balow the

s chamber. Figure 3 ahow- the reeomt.metion of a cosmic ray track wlth the first

inner four laym connected. The radii of the darkened circles. mdicntnd in the

_,ﬂgﬂr&mﬂupmd to the drm distances, a» determined !’mm the measured times,

assuming s constant drift velocity of 50 ypm /ns. Combining memud drift

" distances (d;) from staggered tubes rexults in & triplet resolution of better than



50 um (see method above) for a pressure of 3 atm at 3.9 kV. The triplet-expression
5, used o derive this number is depicted in figure 4.

Materials Studies

A study was undertaken to evaluate the potentinl effecta on the straws of pres-
surised air, DME, argon/othane {50/50 mixture) and argon/ethane (50:50] with
a small (0.2%) percentage of waier. One meter long samples of the atraws, half
with feedthroughs and half without, and 20 em x 3 m x 25 um sheets of zlu-
minised Mylar were placed in pressurised containers. Contral samples were left

exposed Lo the ambient temperature and pressure in our clean room.

The straws weighed between 3 and € g, depending upon whether they con-
tained Delrin feedthroughs, and the aluminised Mylar shents weighed about 18 g.
The rccuracy of the measurement was 0.01 g. The lengths of the Mylar and of

thoee straws containing feedthroughs were meanured to an accuracy of 0.25 mun.

“The samples were removed from the containers after one month and were
measured. The sesults are shown in Figure 5. ‘The relative waights of the sam-
ples exposed to DME increased by approximetely 10~ and the relative Jengths
increased by about 10~%, No significant change wes observed for the samples
in other gases, It waa slso noticed that the Delrin feedthroughs exposed to
DME swelled and the sheets exposed to BME cxhibited a strong tendency to

curl slong their lengths.

.
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- Gnod ﬁi'tial resolution from a prototype wire vertex chamber has been ob-
tn.med at 1 atm uslng dimethyl ethu and at 4 atm using uaon/ethm {50:50).

" Qurrgwults prove the ease of use  of DME. However, they also indicate that DME

advemly aﬂ'ectu at least I.wo common drm ehunbar materials, Mylar and Deirin.
l-‘urthu- studles mut be perfomed to ucutaln the extent of the effecis on these
and othu drm. chmber mal-eﬂnla

Cosmic ray tm:h have been succmfully reconstructed using the vertex
chamber. We have reliably opunud tha chambet with argon/ethane at 8 atm
‘and prellminary. stqdlu indicate a triplet resolution of sbout 50 pm,



Figure Captions
Figure 1. Cross section of the veriex chamber at the interaction point. The
Inner four and l=st four layers have atraws pargllel Lo, the middie four Jayers have
straws at small angles relativa to the beam pipe axis. The radial distanees vary
from 5.4 cm to 13.0 cm,

Figure 2. The single tube resoluiion obtained using a prototype far a) ar-
gon/ethane (50:50) at varions pressures as a function of the voltage on the sense

wire, and b) DME at 1 atm as a function of the voltage.

Fi;ure 8. Reconsiruction of a cosmic xay track through the verlex cham-
her, after the first inner four layers are complated. 1 he radii of the full circles

correapond to the measured drift distance in the particular straw.

Figure §. The triplet-expression & for staggered straws in the the first sublayer

of the vertex chamber in unita of 10 ym , measurad at 3 atm and 3.9 kV.

Figure 5. Relative changes in weight and length of samples of aluminised
Mylar straws and sheets after exposure to varlous gases. a) Changes in the

relative welght (AW/W}. b) Changes in the relative length (AL/L).
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