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This report summarizes the design and prototype tesizs of

single wire drift chambers to be used in Fermilab test beam lines. The gos]

e to bunid simple, reliable deteciors which reguire 3 r'.rrzr:i%'.r'zu e
pleciromcs, Spatial resclulion should match the 200 um rm gooidtion of
ine 1o proportionat chambers that they will replace. The jE?EI" roowill
oe used in beams with particle rates up to 20 KHz Single track 2 ern::g
should be at jeast 99% The first application will be in the MT hParT=3'

which ?‘SE been designed for calibration of COF detectors. & set of four -y
mm:hHEE #1111 be used to track and measure the momentam of beam
Hs!
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MECHaMICAL DESCREIPTION

s

One chamber module consists of four ‘ir'itleperitj&“" single wir
drift sz, gach
vertical wires to measure g horizontal coordinste, and the other two cells
hiaye t’n:mz::rntai wires 1o measure g vertical coordinate Une cell has its
anode offset 203 mm Lo one 'EidE* of the center, while the oither cell
meaaur‘:.q the same coordinate has its anode offsel 203 im0 the other
side. This r'.E'EH 'es the TH?T-thT ambiguities and provides & constant
roniior of the slectron drift velocity,
The various tayers of anodes, cathodes, cell isolation foils, and
spacers sre stacked on alignment pins mounted on g 127 mm thick
aluminum base plate. Locations of individual anode and l"iH'n‘qu' planes are

with an active area of 102 mm by 102 mim. Two cells have

maintained to 25 pm by the pins. All ancde planes ar nf'r'rt'uarnjvuhlw
with the absolute position accuracy of all anode wires Demq 125 urm owith
recoect to the base plate centerline.

There is no qa' seal between layers within the detector stack.
& ramovable alurminum box cover bolts to the base plate and has an J-ring
qas zesl. qui 1 woltages and anode signals pass through the base plate using
connectors sealed with epoxy. Mylar beam windows of 125 pm thickness

cover 102 mim by 102 mm holes in the apstream and downstream aluminudm
hind Taces. The air teak rate of the prototype assembly was measured Lo be




Gooodhe gt 2.0 psig, which corresponds 1o 5 codhr at the Hkely operating
pressure of 1.0 inch of water,

A cell conaists of an anode plane center e:i itta 8.5 mm total gap
between a pair of field shaping cathode planes. & 15 pm thick grounded
shrminum 7o 15 located 95 mun to the :ut.:mj of each cathode o

rostatically isolate that cell from other cells in the chamber. The
crossection of an inside edge of ane cell i shown in Figure 1 The various
hager s have different inside dimensions in order to make the hich voltage
t:r'#-al"dnw: path across the insulator surfaces longer than the breskdown
gath through the gas

Each anode [:13 e 1% 8 single sided printed circuit with the
tayout shown in Figure 2011 has an 85 pm diameter beryllium copper Treld
wire gt sither gdge of the active area These field wires are opersted ot
the zame potentisl as the nesrest cathode plane field wires in order o
wprove the Tinesrity of the drift field nesr the cell boundaries. & singls
25 pm diameter goid plated tungsten anode wire is located 203 mm to the
faft of center. & schematic of the circuitry inside the box for one cell i

+

shown in Figure 4. The snode wire is operated at & pozitive high wollage
The output -.mn:ﬂ is decoupled from the high voltage with g 1.0 nF 75KY
capacitor & L0 MG resistor in series with the power supply Himits the

peak charging current to the wire.
The cathode Dﬁn‘rmj circuit layout 15 shown in Figure 2 The

noard has solder pads for 21 field shaping wires, Cat unjv wires are 55 um
diarmeter beryiliurm copper spaced 203 mmoapart. A resistor divider

retwork on the board supplies the required potential distribution The
yoltage divider yses twio 100 MO 174 watt 18 rrwtal filrm resistors in
zeries per field voltage increment. For g drift field gradient of (000
gach resistor is ’.HH Y. The Zivider current

[xx]
L

ffom, the vallage across -
PO0 pa, which 15 10,000 times the average cur r‘pm drawe of the chamber in
A 20 KHz bearmn. The five field wires nearest to the anode are isolated from
the divider by 1.00 M% series resistors Lo limit the discharge current from
the decoupling capacitor in the event of a high voltage breakdowrn,

A’D

ELECTRONICS

The chamber amplifier/discriminator used for the prototype
studies was designed at Indiana University in 19757 Figure 5 shows the
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cirouit schematic for the 16 channel card The input impedance 15 570 &
The circunt uses three stages of ECL 10116 differentis] receivers, which
zre DO coypted in serfes for an overall gain of s:u:fl:ir’m.lrri:f tely 720 The
nput affset of each channel is trimmed with a potentiometer The inputs
are protected from large pulses by diodes. The inputs of Three Chxj E! Hse
the three recelvers of one D for the Towest *u'u?‘wge armplification stage
’EEf srate (C's are used Tor intermediate and fogh level amplitic 'I?‘lffl to

rintrize stray Teedback. 4= ’rre input threshold is Towere ed to zera, the
F*.!.H.Eu?_ goes through the transition from low 1o h?gh ztate ?hnu’?
Ef:f:i:l"!’t%‘*f"!“fn The zensitivity of ‘HDHT threshold Lo power supply “M age iz
05 uasY The EJIHB“T‘&T'NE coefficient of the threshold is 4.0 nAS 0 4 new
fourc .‘;m'n'u:i FLC board 15 being prepared.

Time 5‘.

Hity of the amplifier was measured with a pulsze
qensrator and a series of atienuators. The :mmlmrar was set toa threshold
af 4.0 pd, and He input to output defay was measured for different

317 '”’*ud,: mput pulses. Figure 6 shows that the variation in delay, or time

iy foms foroan input range of 2 to 20 times threshold, This

frlpu*w- f a dritt position 'Eaz,lr'Prm—ni? arror of 450 Lm i a chamber
u.:mg a SUE argon - 50% ethane gas Tur‘ and a 1000 Yiom dnft field
Howewar this error w11l be much sma H in Drad ce, because the spread
inchiamber pulse heights will be only a factor of twao

EFFECTS OF CABLIMG ON TIME FESOLUTION
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Measurements of amplifier time slew mq were also s

oy

chamber zignals from a Hulog source. The gas mixture was S90F argon -
VE carbon diowide. The amplifier output was split into two paths. Cne
pativwent directly to 3 discriminator to generate a TDC start signal. The
discriminagtor threshold of S0 my o was only 6% of the maximum pulze
neight, so it accounted for a small fraction of the slewing, which was
caused by slow risetimesThe other amplifier output traveled througt

sither 120 ft or 285 1t of RGOS twinax cable before generating the TD,

fE:Mjﬂ The T.H‘r'i'r? dirS'iﬂ'ti%.z?.ii]nE: are shown in Figure 7a, with the chamber
_ F itz high woitage efficiency plateau, and in Figure

?b, 100 Y Bﬂts‘J the eﬁ'i::ieru:g plateau. For 120 Tt of cable the time siewing
15 25 ng FWHM at the edge of the plateau and 6.2 nz FwHM 100 Y anto the
Lot o the results are 16 ns and 4.5 ns Time slewing

;-»5-



i armatier with the longer cable, because the cable atienustes the leading
edge of the faster rmselime signals more strongly, thus bunch ;} z.fr'n'.ﬁ.
ciseiime specirum. Ghe production system will use Twist-n-Flat
with the ’“ru] Corun toosignal repesters being 150 1 This cabile
risetime n_.mnparatnie to the 295 ft of {winax udsed in ih
mEasUrements,

The msetimes o the EC !_ rossover yoltage were measured Lo
Sons for 320 1 of twinay, 7 ns for llul i of Twist-n-Flat s i
' for 200 1t of Ts "Eft n-Flat, and 40 ns for

attow woitage slope 2t ECL orossover ablsined with

At
s makes the system fiming more sensitive to noize Figure 9

ents an exampte of the amount of Ltime measdrement 2rror introduced

nres
bu 100 my p-p of differential noise as a function of Twisi-n-Flal cable
tengih; 15 ns of drift Lime corresponds tu about 1 omm of drift distance.
Fru-au.g aphs of chamber sighals at the end of 100 £t of Twist-n-Flal are
shown in Figure 10g for @ Rulde source at the plateau edge {1517 %) and
mﬁ Y oonto the plateau, and in Figure 10b for Fe35 signals at the same high
gge:
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CHAMBER PERFORMANCE

The chamber gain as g function of high voltage was messured by
varying the amplifier threshold and determining the corresponding anode
high voltage which produced 50% efficiency. Efficiency was measured with

respect to tracks through o pair of scintillation counters. Figure 1] shows
the fest setup The gas migture was 30F argon - 50F ethane. Besults a
presented in Figure 12 for the threshold range of 1 to 3 pA. The 51!.!{3!:! is
approsimately a ractor of two gain change per 90,

Figure 12 shows typical high voltage efficiency and anode
singtes count rate plateaus for SOE argon - 20F ethane and an amplitier
threshold of 2.0 A The efficiency rises from zero Lo masimur with about

20008 change in the high valt tage. Using the chamber gain factor
atarmined utm‘u‘e, thiz suggests that the chamber DI.H-:E:E% height spectrum
ol Fuloa has a tyll '“mih of about & Tactor of five, 1e, the masdimum
! inht iz five THHL—‘E the minimu m BI e hieight. The efficiency rises
IR Lo 90F in 120%, a spread of 2.3 in pulse i’u—']q 1t The spectirurm has
s narrowar '-”’“jfh Ts'r minirmum fonizing tl pam tracks,



The plateaus of three different cells were studied using 0%
argon - S0% etnane and 3 2.0 paA threshoid. For Bul06 tracks pa= sing close
fu gach anode the 20% efficiency point waries by only 6 % Based on this
measurement all four cells within a module will be aperated al the same
anode high voltage from a single power supply. The shift in platesu was
studied for a 6 om drift {7 cmois the maximum possibie) compared to
eszentially zero drift. For the two cells with 2 mim Tieid wire pitch the

R H"T!z ien tj» ot st fied ups Mdt‘d by an average of Z0 : mm! Ling &

15 of the primary elecirons. For the third cell, which was
madified fo hu 4 mm field wire DHrL the platesu smrmj :,5
indicating 8 loss of about 35% of the primary electrons. For this reason 2.0

mim field wire pitch will be used 1n the production chambers.
Figure 14 shows the drift velocity in 50% argon - S0F ethane
3% ‘Hmcmm of ”H—' drift field. Drift velocity satursiion sets in 8t about
45{5 W/om, hovewer, the velocity continues to increase gradually with

l!!

increaasing field LI*‘]H velacity is approximately S5 omdps at 500 Yy

L
vhe production chambers will operate with 3 drift field of ag;ny:xr"s:n;-:h‘.rantr:¥;:;
VOO0 W o
A typical drift time spectrum for cosmic ray tracks using & gas
rriwture of 90% argon - 1OF carbon dioxide 18 shown in qur‘ 15, the drift
field 12 570 % om. The average drift velocity is 2.0 cmius,
The hnea rity of drift velocity in the vicinity of an anode wire
studied with cosmic rays by comparing the measured drift time in
I 2 to the predicted drift time based on the measured drift times in
1z 1 and 2 The cell 2 anode is on the opposite side of the detector
centerline from the cell 1 and 3 anodes; therefore, most tracks near anode
2 are much farther from anodes toand 2 and are in the Ynear region of
thoze cells Scatter plots were made for the messured cell 2 drift time vs.
the ey {:e:mj drift time calculated from the average of the drift times in
cells Vand 3 Figure 16 1s for S0 argon - 90% ethane at 770 ¥/om, while
Figure 17 is for 90 argon - 108 carbon dioxide at 570 Yiom The
scatiaring of background points is caused by left-right ambiguities which
the analysis progranm is not sophisticated enough to IE‘SH“F' correctiy. The
argon - ethane mixture clearly has much better Tinearity. Argon - carbon
dioxide produces nonlinearity over g "mnn of at least +1 crnoaround the
anode wire. Argon - ethane will be used in the production chambers
Time resolution studies were done with both of the m‘evmu:s:]g




mentiored 083 mixtures The time resolution is presented in the figures as
the difference between the measured drift time for cell 2 and the
calcuatad drift time for 'eH 2 using measured drift times from cells |
sng & These resulting drift time “error” distributions include both the
ereor from cell 2 and the error from the calculated drift time Let aicell)
be tha rms measurement error per cell, The rms error of the calculated
drift time iz then olocell)d 2 . snce the catoulation trvolves th
of twouncorrelated measuraments. The ottotal) of the distributions in the
figures 1= the sum in quadrature of olcell) and oloell)/ 42 Thus afcelll =
DA oitotall,

£
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Cosmic ray data for the entire active area of the detector usin

.
p=]
SOR argon - S0F ethane are presented in Figure 10 The horizontal scale is
1,38 nefbin The FwHM of this distribution is:

(16 binsi(2 TOC counts/Bin)(2S pmd count) = 1120 pum

The Qlobal resolution per cell fs then o = 290 g This value shoald
mprove for beam tracks, which are all nearly normal to the cells. A
=imilar cosmic ray measurement with 90F argon - 10F carton dioxide i
sihown in Figure 190 [t has @ an tail causzed by the nonlinear drift
velocity The harizontal scale i 2.5 ne/bin

Anather resolution "Pa':urwrmnf using the argon - carbon
dioaide mixture and g well o -H nated Bul06 source, and requiring that the
analqmj vents all have cell 2 in the gingle TOC count 1190, 13 shown in

|

e

Figure 200 The horizontal scale iE: 12.5 ne/bin. This localized measuremeant
yields & resclution per cell of 280 pm, but to take advantage of this
resolution, a correction would have to be applied for the variation in drift
velocity aoross the celll

CHAMBER GAP STUDY

When the chamber operates with & non-saturating gain, the
ancde pulze rizetime 15 equal to the spread in drift times of the e%e:?rr(n
from the initial fonization track The following as :mn;:rhsm wEME Used ta
produce g simplified model of the relative drift times from different
paints hmq the jonization track: (1) the track is norual to the chamber,
21 the drift path is parallel to the midplane of the chamber until the last
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S mimoof cell Tengih from the anode, at which point the electron furns
DIHI:!”L] toward the anode, and (3) the drift velocity is constant at |
cmd s The resulting drift time distribution predicted by this model 1._5;

wn

presented in Figure 21 For the chamber described in this report, with an
ghode to cathode gap of 5 tm, the electrons armive at the anode over &
"

weriod of 47 ns
when ”’H ¢ 'j”’t't'r 15 "'Dw‘aﬁnn at the edge of 1t5 high woltage
it u—-' innization must he collected from

r{ Hf’!j&-'l'" to saturate the amplifier output The

A Hd— a hrw.j{ ﬂ,um "‘an:i for input sigrals between zers and 2
L&.A, d!uj tupically operates with @ threshold of 2 pA. Thus g pulse with a

Szetime of 42 ns 15 produced. If the chamber sighal 15 increased Dy &
factor of ? w0, either by raising the high voltage 90 % or by having & mare
- 2 incident particle, then the amplitier will saturate with

aul?s:u_’f_e, from the central +25 men (the shortest drift
; ;E;I_xjru,e}i ahd will have a rizetime of only 12 ns

tnthe case of Buloa, which produces tracks with & 1otal -LI!H.-nj
of S in primary ionization, the model predicts & 1 e spread of 40 s Tull
width at the edge of the plateau or 10 ns TUll width 100 % onto the
mlateau. These predicted values are close to the messursd values in
Figures Ta and 70, with the longer measured tails probably being produced
nunclined tracks

Far a 10 mm long minimum fonizing track the average number
of primary electrons produced is 30, 50 the pulse height distribution wil
have an rms width of 188, Under these conditions the model predicts

e spread of 6.0 ns rms at the plateay edge or 35 ns 100 % anto Trw
Eﬂ,dtea_ Flgure 22 shows the calculated time spread as a fu r‘n::tu_rn ot the
ancde 1o cathode gap, when the chamber iz operating 100 % onto the
:u

olateauy A gap of 9.5 mm has been chosen, with the time slewing condition
setting the upper Ymit, and general ease of mechanical construction
zatting tha lower Hmit The chamber will operate 100 .—.mn the plateay.

The contributions to overall chamber resolution include (1) qd-
aiffusion, (2} the spread in drift path length described dbme, and (3]
slectronics time slewing. Gas diffusion contributes 260 pm rms for the
rnasimum drift of 7 oom, or 1440 u m rms farm 3 typical 2 om drif £ 2 The

drift oath length variation contributes 2.5 ns = 180 pm orms. Amplifier
=
st

Slewing contributes 2.7 ne = 200 pm orms, When these factors are added
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in guadrature tne overall resolution s predicted fo be J30 pm for a 7

——r

crnodmfroor 310 opm foroa 2 oom o drift, The measured values Tor cosmio
igtent with these predictions.
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Figure 1,

Crossection of the edge of a cell
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Anode printed circuit

Figure 2.
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Figure 3. Cathode printed circuit




Figqure 4. Circuit diagram for one cell
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Figure 5, Chamber amolifier schematic
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input to Output Delay (ns)

Figure 6.
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Figure 7a. - Time slewing for signals at the plateau edge

395ft of RG1O08

2.5ns/bin

SR s St e zon T D

pLggern e

e

130ft of RG108

2.5ns/bin

i
y

Bic




Figure 7b,  Time slewing 100V onto the plateau
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Figure 8, ECL signals
after 100ft of flat cabld
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Figure 9.

Drift Error for 100mV Noise vs. Cable Length
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Figure 1l0a. Rul06 signals after 100ft of flat cable
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Figure 10b.  Fe55 signals after 100ft of flat cable
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Figure 11, Efficiency and drift time measurement setup

Scintillation

counter 1

s

Anode 1

Cell e ——— Anode 2

active _
area !

Anode 3

Scintillation

counter 2



Amplifier Threshold (microamps)

Figure 12.

Chamber 6ain vs, High Voltage
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Figure 13,

Efficiency vs, High Yoltage
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Drift Velocity (cm/microsec)

Figure 14.
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Drift time spectrum for an entire cell

Figure 15.
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- ethane (linearitvy)

in argon

.

Drift velocity

Figure 16,
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Drift velocity in argon - CO» (linearity)

Figure 17.

) . . ....-.h._y..—ﬁ. . .
mﬁ..,. . [
v rm_w‘__"« '
‘ . uf%“_. -

. .u... CH N T
vy n._#q,_w. TN .....m
.o ww._m.ﬁu ot



Figure 18, Global time resolution: cosmic rays

through argon - ethane
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Global time resolution

Figure 19,
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Figure 20, ' Time resolution at one point: Rul06 tracks

through argon - CO3
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Difference n
Figure 21. " Electron drift time vs. distance from midplane
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