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ABSTRACT

et mults. from a full-length prototype of the drift chamber vertex detector
ne Mark M 'SLC Upgrade detector are presented. Tha 22 cell jet chamber
oys pla;neu' vol' gtid.Wires above and below the senge wire plane to increase
Jectrostatic stability of the sense wires and to ha.rrow the elestron arrival
‘dish-i'imllun. Two different grid designs have been investigated. The spatial
ution and pulae widths have been measured at a variety of operating points
for dlﬁ'erent thmng schemes in a mixture of 92% GOy and B% isohutane.
ical mull.n at 3 atmospheres pressure give an average resolution aver a 2
wift dmumce of 30 ptm for both designs. Efficient double track detection is
wved for tracks nepmted by 500 zim for one design and by 1000 um for the
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Intraduction

Vertex detectors will enhance stuc:zs of Z® decays by identifying heavy quark
flavora, measuring heavy quark and lepton lifetimes, and searching for new parti-
cles that give rize to distinct decay vertices. We are developing z high resolution
drift chamber vertex detector for the Mark Il Upgrade Detector to be used at
the Stanford Linear Collider at SLAC!. Our design attempta to optimize spatial

resolution in a structure capable of discriminating b 1 the closely-spaced

tracks characteristic of high energy hadronic jets?.

The double track separation capability of a chamber is determined by the
width of the electron arrival time distribution at the sense wire. There ars two
main contributions to this width: non-isochronous charge collection and electron
diffusion. Non-isochranous charge collection results from the fact that ionization
electrons produced by the passage of charged particles through the gas travel
different distances and through diflerent electric fields to reach the sense wire,
depending on where they were produced. The drift differences are proportional
to the teack length which is sampled, and depend on the angle of the track in
the chamber. The broadening due to diffusion is determined by the gas chosen
for the chamber and, as in the case of spatial resolution, can be minimized by

preasurized operation,

To achieve the required sub-millimeter track-pair resolution, we have used jet-
celi? geometries with tightly spaced sense wires straddled by planes of grid wires,
which focus the incoming ionization and stabilize the array against electrostatic
forcea. To ease the electronic difficulties in timing closely spaced pulses, we
use COj/fisobutane at unsaturated drift velocitiesf. Prototype chambers have
been operated at several atmospheres pressure in order to achieve high apatial
resolution. Particular attention is paid to very precise wire location and the high

voltage isolation of closely spaced wires,

In the remainder of this paper, we discuss the following topies: (1) drift-cell

description; (2) mechenical construction; (3) test apparatus; [4) dota analysis
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pmceedu.re. (5) pqlse El:n:a,pe meaauxementa, (6) apatial resoluti ta;
and (7) track-pair resolution studies. -

"L DRIPT CELL DESCRIPTION

We have prototyped two drift cell designs which are illustrated in Fig. 1. The

 ide® grid design is shown inFig.l(a) Sense Wires are spaced 4 mm apart and

have potmtm wizes between them. Grid wires are parallel to the ancde plane
nnd um lmt.ad d.imﬂy over the potentia) wires. In this wide grid design, the 4
mm sense qm:ms determines the length ‘of the ionization segment that arrives

:nttheunsawue. The electr: dﬂﬂ“ torles for this design are shown in

Fig. 2(5) Our uecond prototype cell, the “parrow” grid design, is illustrated in
Fig: 1(b). This deugn also has 4 mm sénse wire spacing but the grids are quite
dxﬂ‘mt There are three types of grid wires in this cell, each connected to 2
separate voltage. When voltages are suitably arranged the middle grid wire is
pnulﬁw.}y chuged.and the resulting drift trajectaries are as shown in Fig. 2(b).
Only the electrons from the track segment above the two inner grid wires are
eollected at the i.nude.ry.)ﬁ a result the length of track sampled is only 1.2 mm.
In this dmiy”;the charge on the inner grid wire can be adjusted to optimize the
fouulng of the cell.

Tlm mochmny of the charge collection for the two cell designs is illustrated
in Fig. 3 which almws typzcal lines of constant drift time in the uniform drift

Held mgmn of the cells. Fo; the narrow grid cell in the absence of diffusion,

most lonization electrnns will arrive at the sense wire within a few hundred um

7 of the first one aithough a amall fraction may arrive up to 700 um late. These
" dimensians for the wide grid cell are about three times larger. Primary jonization

cluster fluctuations in these late regions of the cell will be visible in the pulse
tails if the diffusion is small compared to these dimensions.

. MECHANICAL CONSTRUCTION
Our test chambers have 22 drift cells with wires 60 cm long ani i).é..n_lﬂel

S — [

planar cathodes made of copper-clad G-10, spaced 3 cm from each grid plane.
The wire planes are fabricated by winding wires between a pair of 2-inch diameter
copper-coated invar cylinders. Fine grooves with precisely controlled depth and
apacing are machined into the cylinders to fix relative wire positions with great
accuracy. Fig. 4 ehows measurements of wire pasitions, indicating rms errars
of 1 ym in the plane of the wires, and 5 pm out of the plane, the latter result
being dominated by measurement error. Once wound, a wire plane is epoxied,
as a unit, into the chamber. This technigue ensures that the positional accuracy
inherent in the cylinders is tranaferred to the chamber. Wire i are set
during the winding, 60 g for the 20 um tungsten sense wires, and 450 g for the

152 um copper-beryllium grid and potential wires. Measured tensions show an

rms error of 1% about the mean, with no detectable change after 3 months of

operation.

Fig. § schematically illustrates the wire plane terminations. The anode plane
is epoxied 1o a block of Macor, a machinable glass with excellent dielectric char-
acteristics, and soldered to circuitry also epoxied to the Macor surface. After
soldering, the circuits are cleaned and potted with additional epuxy. At the front
face of the Macor, each wire passes through a notch that serves as a high volt-
age feedthrough into the active volume of the chamber, permitting large voltage
differences between adjacent wires. The circuitry for the narrow grid is printed
on thin copper clad Kapton. The solder pads can be kept very small, and tiny
(225 um) plated-through holes connect to voltage busses on the underside.

Overall structural support and cigidity is provided by aluminum frames to
which the Macor blocks are screwed and pinned. The precise alignment of one
wire plane relative to another is achieved during construction by use of a mi-
croscope mounted on an z — y — z stage. Under the microscope, positions can
be measured with micron-level accuracy. Measurements of the wire planes after
assembly indicate deviations from nominal positions of approximately 15 gm or

less.
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linear fit s made to the hit data from the 8 TDC channels. The individual fit
residuals are acaled to yicld the corzect measursment error for each wire, Hits
whose residual is [arger than 10 tnues the expected resolution are dropped and
the it is repeated. Tracks with fewer than 5 good hits or which make an angle
laxger than 200 mrad to the anode plane are zejected. Wire inefiiciencies are lese
than 1 percent.

For the average pulse shape and spurious hit rate studies, additional cuts are
made on the ICA data lo ensure only one track traversad the chamber. A bit in
the ICA data in recognized as two or more contiguous ICA bins abave threshold
(3.5 times rms noise level). Hita seperated by fewar than 10 bins are merged.
Tracks are rcjscted if more than 4 of tha ICA channels have multiple hita or If
the sum of the 4 amallest wire pulse heights s consistent with twa er moze tracks
in the chamber,

V. AVERAGE PULSE SHAPE

The average pulse ehapes from the narrow and wide grid structures are shown
in Fig. 6. We construct these distributions from the ICA data as follows, For
each pulse we compute a total pulse haight, and using an algorithm discussed
below, a mean time, A track fit to the times from all aix wites then gives a
Gtted mean time to each pulse, Ench bin of the ICA data is then assigned a
fractional pulse heighi, normalized to the total for the pulse, and an arrival time
computed with respect to the fitted mean time. The avarage of thess fractional
pulse heighta for a large ensemble of tracks is simply binned in arrival time to
give the distributions shown in the figure. The root-mean-square deviation of
the pulse heights is also determined for each asrival time bin, and is plottad 2g
the “errcr® on each point.

Several features of the pulse shapes are worth nating. The arrival time dis-
tribution of the narrow grid is considerably narvower than thet of the wide grid,
the Iatter having a long tail of late arriving lonization. Using the measured drift
velacity, we see that the effective pulse widths of the narrow grid design are at




mmmm-mmmm-mm extend to aronnd 1500 pm.
mm&iﬁuhnmeﬂﬂntwhmmmmthmlhpuwmmg
ﬁ'nms Bmmtcibmemin‘ﬁnm> 25 mm drifis. The pulse width and
thnhﬂmnbothlnmu-wmnhcmdn;dm.hm Pulse widths will also
m#mmnmmmu&hmwphm This effect
hnﬂlk&hhﬁhmm thumu\fm angles i3 amal). Finally, we note
M'tlllhlhdﬂndh‘h‘lbﬂiimsofpnbu In the wide grid chamber show large
ﬂmm tl:. s devintions in pul-e height being comparable ta the average
VI. !PAIIAJ{- “EDLUTION

h u:h wln the lpnln.l ruoluﬂon Is caleulated using residual distributions
from a linaxe track fit. lapm ,ih'lbutlonl are sccumulated over 4 mm drift
distance Inhrnllﬁozn Oto 28mm. A gaussian fit is applied to each distribution,
and the mlnﬂonh obnmed by nmqln; the At results overall 8 (6) TDC (ICA)
channals. - . . )

. Position resolution measuremants using TDC data were mada for the narrow
gl al] a3 a function of presaure, electran drift velocity, ead threshold. Little
dlplndlnﬂ on. threshold is Obl!ﬂed until it is sufciently large to cause a loss
In cmdqngy The electronic pontrlbnhons to the resolution nre negligible, Fig. 7

" shows the qumd resolution as & function of drift distance at 3 atmospheres

pressure and 1 kilovolt/em/atmos drift field for both cell designs. This s our

‘ elmdnd dpmlh. palnt and has a drlft velocity of 7.6 pm/naec. The linear de-

plndqnce of ﬂlﬂ aqmad resolution on drift distance is a well known conzequence
of electron dIEnlion Tha Ynear At shown in Fig. 7 haa an intercept of 17.0 £1.1
pm and l. llopo of 308 .7 um/fem (‘l‘nl:le 1). The intercept givea the resolu-
. tion ﬁll' ) Mpu!hsm the grid plane and measures the contribution from
m m lhliltlﬁ (lmnll) and electron diffusion during the drift from tha
cﬂd. o ‘llll mda. '.I'hc resalution in the wide grid chamber In about 15 percent
lntkr tlnn the narrow grid because of the larger number of electrons competing
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ta be fimt.
TABLE 1
[ ry of spatial luti i
Intercept Slope
[pm] | pmjfem )
Nuarrow Grid TDC 170x1.1 208+ .7
Narraw Grid ICA 179+ .9 233%.5
Wide Grid TDC 129+ .7 25.8 .3
Wide Grid ICA 188+ 56 23.24+.2

Fig. 8 illustrates the pressure dependence of the average resclution over the
first 2 ¢m drift distance at an E/P of 1 kv/em/atmos. A power law ft yields
roughly a P—T pressure dependence. Since the average chamber resolution Is
dominated by electron diffusion in the drift regian, individual elevtron diffusion
accounts for most of the pressure dependence, P~ with the remainder dus to
the increased electron statistics.

The average resolution over the first 2 cm ri-ift distance 18 nearly indapen-
dent of drift velocity in the range of 5 to 10 um/nsce (Fig. 0). Since the value
of tha electiic Beld in the drift region only weakly cffects the field sren by drift-
ing electron inside the anode/grid gap, the anode region contributes roughly a
constant resolution in time (about 2 nsec at 3 atmospheres). This produces a
linear increase with drift velocity in the gap contribution to the resolution, which
approximately cancels the reselution improvement caused by the decreasing elec-

tran diffusion over the average 2 cm drift distance.

Wa have studied spatial resolution in the [CA data with several centrold
algarithms®: 1) pulse height weighted centroid of the first n bins above threshold;
2) weighted centroid of the first n bins where the weigi:t is the product of the
pulse height and a factor which falls off exponentially from the first bin abave
threshald; 3) an iterative pulse height weighted algorithm using an additional
weight function which is constant for a fixed distance d; from the caleulated
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VI TRACK PAIR EFFICIENGY

We have nszd singls track events to estimate the double track efficlency as
tMﬂﬂdtﬂ:kmanyaddbghgﬂherthchA data from two wires
mpwmbmmmwyﬂm A hit finding algorithm
opﬁmbﬂhﬁmldmdymwdhihcﬂc&nlbmdhvmgnhwpmblbﬂuyh

lpuriaml:lhhuaﬂ. We firot average the raw ICA samples over a & (2)
bhhﬁu'nlhthwide(mvw)vﬂdlh. Thmlllmmluthutvm
dnhmbmd.ndﬁhmdeﬁnedutbmmwhuhmuuﬁ:imﬂyhuq
memnudium

Wulmghthenmmdecﬂmmnghlysymelﬂeﬂinuhnpumd )

have little tail. - Two tracks can be Identlfied with 90% efficlency at 450 um

) w&hcquﬂmahltntem-mgla track events of less than (7%, Pulses in the

ﬁdluldaﬂhmnhﬂwmmﬁlhntlm;-mbqondtheludmn
mwﬂmtmm:mtblhhuriﬁn;whnmmnhaﬂmdutenpmdnu
qﬂupmﬁn;ly‘hrpﬂnmmlnthlpnhehd. “Relatively tight cuts have

This repori was prepared as an

to be applied to reduce the spurious hit rate. Two tracks (see Fig. 10) can be
identified with 80% efficiency at 800 um separation with a spurious hit rete on
single tracks of less than 2%.

viil. CONCLUSION

In summary, we have built and tested full length protatypes of the drift
hamber vertex det. for the Mark IT Upgrade Detector using a jet-atyle drift
cell augmented with focussing grids. Two cell desigrs have been studied. The
narrow grid (wide grid) design can efiiclently distinguish two tracks separated
by 500 4m. (1000 um). Both designs operate reliably at 3 atmospheres presaure
uglng a gas mixture of CO; and isobutane, and achieve apatial resalutions in the
range of 20 — 50 ym depending on the drift length.
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Figure Captions

2 Ela:tmn driﬂ ha;er.tones in (s) the wide grid and (b) the narrow grid drift

3. 'The lins of mmtaut dnft time Is shown for {a) the wide grid and (b) the
nnn'ow gnd drll'l celh

4. Meaan:ed devinhnns or wire pnnlmns from their nominal Jocations (a) AZ
(ont of the plnne). (b} AX (in the plane).

.5 Sclmmntu: vinw of wire termmnhons. showing the :onﬁgnmuon of notches,
. epoxy, urcnltry, and Mamr, as explmned in the text.

6. Avetaxe pulse ahapes for narrow and wide grid drift cellx at short and long

7. Squared resolution drift distance for the wide grid and narrow grid
dmmheru. with’ ﬁta to o = + (DVE.

1:al recalnt;

- B. Average s , 0D Versus pr
X Average sputla.l resolution versus drift velocity, at 2 and 3 bars.

10, Eﬁuency for detechng a second track as a function of the track separation
“ - for the wlde grid chamber. The narrow grid chamber is 90% efficient at

"+ 450 pm separation.
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