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ABSTRACT 

We discuss the considerations involved in the design of a central tracking system 

for a 7 - Charm Factory, including the required momentum resolution, angular 

coverage, material contributing to multiple scattering, and a variety of other issues. 

- These ideas were discussed during meetings of the Tracking M’orking Group at the 

- T - Charm Factory Workshop at the Stanford Linear Accelerator Center in May, 

1989. 
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1. GOALS OF A CENTRAL TRACKER 

One of the most important lessons learned at SPEAR that must be applied 

to detector design for a r - Charm Factory, is the need for large coverage of 

the available phase space for efficient charged particle tracking. This means full 

47r solid angle coverage, efficient tracking down to very low momentum, and the 

highest possible resolution for the track parameters. The organizers of the r - 

Charm Factory workshop have provided a list of minimal and ultimate detector 

parameters for charged particle tracking: 

Minimal tracking parameters 

1. Momentum measurement accuracy: [~~/p]’ = [0.4%‘op( GeV/c)12 + [0.3%/P]" 

2. Angular momentum accuracy: ad = O.5mr, 00 = 3 mr 

3. pyin for efficient tracking: O.OEiGeV/c 

4. em;,, for efficient tracking: 300 mr 

5. Vertex precision: [ozY,2 = [SOpm/p(GeV/c)]2 + [150pm12, 'ur = 0.4 mm 

6. Hermeticity: no cracks. 

Ultimate tracking parameters Same as above, except: 

4. emin for efficient tracking: 100 mr 

5. Vertex precision: [bzJ2 = [15pm/p(GeV/c)]” + [20pm12, uz = 0.4 mm 

These goals must be met within the constraints imposed by the machine: 

1. free space between ,Q quads: 1.60 m; outer radius of p/9 quads: 0.2 m; 

2. vacuum chamber radius: ]z] < 0.4 m: 15 mm, tapering out to 35 mm from 

0.4 to 0.S m in 2; 

3. 52 nsec between bunch collisions; at the peak of the J/$, 1200 - 5,000 

events/set. 
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We are talking about a fourth-generation magneticspectrometer for the SPEAR 

energy region; these goals are particularly demanding, and will push the limit of 

tracking technology. The first question to ask, therefore, is whether the tried-and- 

true cylindrical jet-cell drift chamber is the technology which best suits our needs. 

The discussion that follows will assume a detector of this type, and comparisons 

with competing technologies will be made where appropriate. 

2. ANGULARCOVERAGE 

The small free space between p/3 quads severely limits the achievable solid an- 

gle coverage. At least 15 cm on each end of the detector must be available for 

endplates (-5 cm of aluminum to take up the force of the tensioned wires) and 

for electronics/heat dissipation. This leaves an active drift chamber half-length of 

65 cm. Efficient tracking down to 100 mr will require at least 10 track position 

measurements before 6.5 cm radius. Cramming that many wires in such a small 

radius will be difficult for many reasons: a large amount of material will contribute 

to multiple scattering, particularly serious for impact parameter resolution; elec- 

trostatic instabilities in the closely-spaced wires may be a serious problem; and the 

chamber will be very difficult to build and instrument. Even then, the momentum 

resolution will be effectively non-existent. 

Thus we must fall back on providing adequate coverage down to 300 mr (95.5% 

of the solid angle). This requires at least 10 track position measurements (including 

stereo) at radii from 4 to 19.5 cm, which is conceivable (although the momentum, 

angle, and dE/d x resolutions can be expected to degrade at small angles; see 

below). The calorimetry and particle ID can surround the p,B quads, limiting their 

coverage to emin > 300mr. 

Although it is difficult to measure tracks below 300 mr, one would like to be 

- able to detect the presence of such tracks (both charged and neutral), if only to 

- veto on events containing them when detector hermeticity is required (e.g., in an 

analysis involving neutrinos in the final state). Thus room must be left in front of 
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the quads for a simple charged and neutral particle tagger (which would also serve 

as a luminosity monitor). This could be a series of thin planar chambers followed 

by a shower counter. Care must be taken to shield this forward detector against 

synchrotron radiation. 

3. INNER AND O~JTER RADII 

We will see that the required resolution can be met with a range of geometries. 

To some extent, the decision as to which geometry is most appropriate must take 

into account the constraints from the accelerator and other parts of the detector. 

Specifically: 

1. The outer radius (r,maz) must not be made too large, or the precision barrel 

EM calorimeter (presumably crystal) will become too expensive. 

2. The time-of-flight (TOF) particle identification system is most effective at 

large radii. This speaks for a large r,,,. 

3. The inner radius (rmin) must be as close as possible to the beampipe to get 

the best precision on the vertex position. 

4. The momentum resolution depends inversely on AT = rmaz - rmin (see be- 

low), speaking for a large rmaz. 

5. A very small rmin (and therefore a small beampipe) places great constraints 

on the synchrotron radiation masking, beampipe impedance, and may neces- 

sitate beampipe cooling. 

6. If the first layer of material is at a large radius, then a precision measure- 

ment just beyond it can permit a good measurement of the track angle, 

provided the vertex is known. Several higher-momentum tracks in the event 

are needed to establish the event vertex. The precision measurement on a 

lower-momentum track combined with the vertex constraint can “remove” 

the error on track angle due to multiple scattering in the large-radius mate- 

rial. This speaks for a large rmin if the precision measurement is just outside 
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the material of the beampipe, and ijthat measurement is of comparable pre- 

cision to the knowledge of the event vertex, in both dimensions. This scheme 

assumes that there are no seconda.ry vertices in the event. 

7. If one can satisfy the resolution requirements with a small radius (high field) 

tracker, this may free some space between rmaz and the TOF/EM calorimeter 

for other detectors such as CRIDs or precision dE/dx chambers. This will 

introduce ma.terial in front of the EM calorimeter, reducing (or eliminating) 

its sensitivity to very low energy photons. For certain experiments, however, 

it may be desirable to sacrifice low energy photon detection for enhanced 

particle identification capability. 

4. MohfmTuM RESOLUTION 

In an axial magnetic field, the momentum resolution for high momentum tracks 

due to measurement error is approximately given by: 

4P = 
26qt 

0.3BAr’fi’ 

where CJ is the single-hit position resolution (in the rq5 direction) in meters, Ar = 

rmax - rmi, in meters, pt is the component of the momentum perpendicular to the 

magnetic field in GeV/c, B is the magnitude of the magnetic field in Tesla, and n 

is the number of (equally-spaced) position measurements. 

The momentum resolution is degraded by multiple scattering in the material 

of the tracking volume (gas and wires): 

where p is the track velocity, #rl = Ar/Xo is the radial thickness of the gas and 

- wires in radiation lengths, and x’s is the effective radiation length of the gas and 

wires. Note that both contributions to the momentum resolution degrade rapidly 

for tracks with small polar angle. 
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We clearly want the best achievable position resolution u. This is limited by 

the wire positioning accuracy, the stability and knowledge of the drift time-to- 

distance (TDR) relation, low ionization statistics near the wire, and the diffusion 

in the gas over the drift distance (in practice, diffusion has been the most serious 

effect in jet-cell drift chambers). There are trade-offs here: a low-density gas 

such as helium will reduce the multiple scattering, but will worsen the ionization 

statistics near the wire and ma.y also worsen the drift diffusion. Small drift distances 

reduce the diffusion problem, but require more wires (more instrumentation and 

more material for multiple scattering). Low density gases also have a very low 

synchrotron photon conversion cross-section, greatly reducing the contribution of 

such photons to background hits. 

The measured path length Ar is limited by the detector half-length L = 65 cm 

for small-angle tracks (r = L tan 6) and by the outer radius of the chamber rnaz 

for large angle tracks. The outer radius must be small enough to leave room for the 

EM calorimeter between the DC and the coil/cryostat. The cost of the calorimeter 

and coil will thus scale with r:,,. For large-angle tracks, measurement errors give 

qdP = e-L7 and multiple scattering gives a,/p N l/G. 

The strength of the magnetic field must be limited, so that low-momentum 

tracks do not curl up. There are two issues here: in order to detect the low- 

momentum tracks, they must go out to a large enough radius to leave at least 10 

hits; and if the maximum radius of the curling track is less than the inner radius 

of the barrel EM calorimeter, they will keep looping, leaving many hits in the 

chamber (and never reaching the particle ID detectors). Thus we want to keep the 

outer radius of the chamber as small as possible, consistent with our momentum 

resolution goals. The maximum radius of a curling track is given by pt/O.l5B. If 

we require this to be >20 cm (same as required for tracks with 8 = 300 mr) then 

we obtain B 2 1.67 Tesla. Achieving our goal of a,/p = O.Li%pt with such a field 

- (using cr = 100pm measurements spaced 1 cm apart) will require 4 5 r 5 48 cm. 

- Tracks with pt < O.l2GeV/ c will loop, and only tracks within (cos 61 < 0.80 will 

have measurements in all layers. 
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In the interests of particle ID (TOF, EM calorimetry), we would like to keep 

pfoop - 0.15Br maz 5 O.lOOGeV/c. There is no point in going much lower in 

momentum, even if the physics requirements demanded it, because 50 MeV pions 

and 85 MeV kaons will range out in the 1 mm Be beampipe. We take 1 cm radial 

wire spacing (n = lOOr,,,), ~7 = 200pm, and up/p = 0.004: 

and the magnetic field B = 0.9 T. To keep the angular coverage at 300 mr, the 

chamber must extend to L = f2.4 m in z (beyond the 0.2 m outer radius of the p/3 

quads). At this point, electrostatic instabilities (see below) become important. The 

chamber can be made shorter by sacrificing momentum and angular resolution for 

small-angle tracks. For high-momentum tracks at large angles, one always gains in 
loop momentum and angular resolution by increasing r,,, (and reducing B to keep p, 

constant). However, for fixed momentum resolution, or fixed pfoop, the multiple 

scattering contributions increase (see exercise below). 

The large magnetic field causes other problems. The drift Lorentz angle will 

increase, making the drift trajectory more complicated; the understanding of the 

time-to-distance relationship and the dE/d x collection region will suffer. Also, the 

coil thickness increases with field strength. 

5. AN EXERCISE 

We have mentioned three important quantities which depend on the product 

BArm where m is some positive exponent. Taking Ar x rmaz, and n = lOOr,,, 

as above, and inserting our requirements on momentum resolution accuracy, we 

have: 

a,lpZ = 
2.60 

0.3B+2.., = o’oo4T 
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loop 
Pt = 0.15Brm,,. 

In the previous section, we fixed ppop and oP/p to some values, and derived 

the required values of B and rmaz. Here we don’t worry about pfoop. If we use the 

first of the above equations to fix the product Brki,, and we take cr = 200pm, 

then different values of r,,, will yield the following values for B, pfoop, and l/X0: 

rmax (m) B (T) pfoop (GeV/c) 1/x0 (m-l> 

1.0 0.43 0.065 5.4x1o-4 

0.8 0.76 0.091 13.2~10-~ 

0.6 1.55 0.140 41.9x 1o-4 

To see what the required values of l/X0 mean, we can compare with the Mark 

II jet-cell drift chamber, with argon drift gas filling Ar = 1.2 m. The chamber 

has 1.1% radiation length of gas and 0.9% radiation length of wires. Argon has 

l/X0 = 90.9 x 10B4 m, which is larger than any of the values in the above table. 

To make it usable and still achieve the specified resolution, we would have to go 

t0 smaller Tmax along with larger B. Instead we can try a lower density gas such 

as helium, which has l/X0 = 1.9 x 10m4 m. (See below for discussion of issues 

related to the choice of gas.) In that case, the material is dominated by the wires; 

for the Mark II wire density, l/X0 = 74.4 x lop4 m. This could be reduced by 

some combination of the following: 

1. Using aluminum rather than copper wires. This can be dangerous for long 

chambers since the wires must be tensioned against gravitational sag and 

electrosta.tic repulsion, and aluminum tends to stretch. 

2. Using larger cells, increasing the drift distance and therefore also the diffusion 

and the complexity of the TDR and dE/dx collection region. 

3. The charge on the anode wires must be compensated by an equal charge on 

the cathode wires. The latter are made thick, to reduce the electric field on 

the surface of the wire, preventing cathode wire aging (“whisker growth”). 
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If one doubles the number of cathode wires, their thickness can be reduced 

by half. This reduces the wire density by half. 

4. The wires are, of course, well localized, and they contribute an “opacity” 

of maybe 1% per layer in the chamber. It may be possible, in the track 

fit, to identify potential collisions of tracks with wires, since the resolution 

in interpolating a track near a wire is better than 200 pm, while the wire 

radius might be 100 pm. In cases where there are very few scatterings, one 

can fit for the scattering angles, thereby recovering some of the momentum 

resolution. At the least, one can identify tracks with a momentum resolution 

that is not degraded by collision with any wires. 

We see from the above exercise that it becomes easier to satisfy the multiple 

scattering requirement if r max is reduced. This may be counter to intuition (and to 

one of the equations above), but it comes from the fact that we are simultaneously 

fixing the product Br$z,; when we reduce rmaz we rapidly increase B. Of course, 

one need not do that; we can increase B while leaving rmax large if we like. In that 

case, the momentum resolution due to position resolution will exceed specifications, 

and multiple scattering will dominate out to a larger momentum. 

6. ANGULAR RESOLUTION 

For high-momentum tracks, the angular resolutions from equally spaced mea- 

surements are approximately: 

3.4u, 
ufj zz sin’ Ou, = sin’ 6- 

ArJn’ 

where s = p,/pt = cot 8, and uZ is the position resolution in z. 

Taking Ar = 75 cm, n = 75, and u = 200pm, we get a4 = 0.46 mr, just about 

- within specifications. For small-angle stereo wires making an angle Q with respect 

- to the z axis, u,- = u/o. If half the wires are stereo, we fall within ug = 3 mr for 

CY = 0.035 and u, = 5.7 mm. Note that charge division typically gives uZ N 10 mm. 
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Because it gives 3D space points directly, charge division can be helpful in pattern 

recognition; but the difficulty in achieving adequate resolution makes it less useful. 

In addition, charge division works best for large wire gains, while dE/dx resolution 

depends on low wire gains to avoid saturation effects. 

There are limits to how large one can make the stereo angle. The stereo wires 

only contribute to the momentum measurement if since < 1. The radius of the 

stereo wires is a function of z: 

where rL = r(s = fL). A wire strung at rL = 6 cm with stereo angle ct = 0.035 has 

r(.z = 0) = 5.5 cm. This does not bode well for an axial wire at 5 cm. Care must be 

taken to allow adequate radial separation between wires. Otherwise, electrostatic 

instabilities and/or severe distortions of the TDR and dE/dx collection region will 

result. The Mark II drift chamber groups the sense wires in superlayers, alternating 

axial and stereo, with a larger gap in between. This makes pattern recognition 

easier as well as solving the stereo angle problem. 

At small radius, the wires need be made no longer than what is required to 

cover 300 mr. In addition to allowing for close radial spacing of the stereo wires, 

this will help in the trigger, and in reducing the total charge deposited on the inner 

anode wires (see below). It may also be possible to put z-strips on the inner wall of 

the chamber. It is important to have several good z measurements of small-angle 

tracks, to be sure they were correctly tagged. 

7. VERTEX RESOLUTION 

The resolution in impact parameter due to measurement errors is approxi- 

mately: 

uxy = 3.6~16 , u, = 2.2uJfi. 

For 70 measurements of 200 pm precision, and with a stereo angle of Q = 0.035, 
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we get uxY = 86pm and uz = 1.50 mm. The z resolution is not optimal, and the 

zy resolution falls between the minimal and ultimate specifications. 

To improve on this performance, we would have to significantly increase the po- 

sition resolution, at least near the IP. Solutions involving separate high-precision 

vertex drift chambers or solid-state detectors will necessarily introduce a pro- 

hibitive amount of material (see next section). Other solutions include combining 

high precision wires in the main DC volume, thus avoiding extra walls. Perhaps a 

separate gas volume, separated by a thin wall, and with separate temperature and 

pressure control may be feasible. 

8. MULTIPLE SCATTERING 

Multiple scattering in the material of the detector contributes to the resolution 

of the track parameters in two ways. The material in the tracking volume (gas and 

wires) degrades the momentum resolution and the angular resolutions, and material 

between the IP and the tracking volume (beampipe, chamber walls) degrades the 

zy and z impact parameter resolutions and the angular resolutions. The material 

in the tracking volume contributes as follows: 

0.014 p 2 
ad=- - 

0 PP Pt 
&x-&l 

0.014 p 3 

u3=pP pi 0 
j/km-&i 

_ where, as above, #rl is the radial thickness of the gas and wires in radiation lengths. 

The material between the interaction point and the tracking volume does not 

degrade the momentum resolution, but all other track parameters will suffer. If we 
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treat the material as one scattering layer of radial thickness in radiation lengths of 

#rl at radius R, we have: 

0.014 p 
04=- - 

0 PP Pt 
Ah&r@ 

0.014 p 2 us=- - 
0 PP Pt 

h7z-a 

0.014 
QXY 

z--R ?- dm 
0 PP Pt 

0.014 

uz = Pp 
R 

0 
p 2,/pm 
Pt 

Note that the factors of p/pt mean that the resolution degrades rapidly for 

small polar angle tracks. We want to keep the amount of material, and R, as 

small as possible. The beampipe and inner wall of the chamber can be made of 

beryllium, strong enough to withstand the vacuum in the beampipe. They must 

be coated with thin layers of heavy metals (e.g., Ni, Pt, Ag) to absorb low energy 

synchrotron photons. In addition, there will be heating due to the ima.ge charge 

from the high-current beam ( I2 R). The b eampipe must be coated with a high- 

conductivity metal (skin depth ‘v lprn; e.g., Au, Pt), and may have to be cooled. 

A beampipelinner wall of 3.5 mm Be at 15 mm radius gives uzy = uz = 2lpm/pp 

and a+ = ug = 1.4/pp mr at cos 8 = 0. 
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9. POSITION RESOLUTION 

We have been assuming that we can achieve position resolution of u = lOOpurn 

over a large volume. The SLD drift chamber expects to achieve this through 

careful control over wire positioning and temperature and pressure of the drift gas. 

It is not clear that a low mass drift gas such as helium can give equal or better 

performance. We list some of the issues below. 

1. The TDR must be well understood. The drift velocity depends on E/P; 

unless the chamber is operated at the flat part of the vd,;ft-vs-E/P curve, 

the voltages and gas pressure must be tightly controlled. Even then, the 

cell electrostatics must be carefully designed to give a simple dependance of 

the TDR on the track position and direction near the wire. This becomes 

difficult when trying to minimize the density of wires. 

2. The wire positioning must be done to high precision at the endplate, and the 

amount of gravitational sag and electrostatic bowing must be well under- 

stood. In order to avoid correlated positioning errors, each sense wire should 

be on a separate feedthrough. 

3. The trajectories of the drifting charges must be as uniform as possible, to 

avoid large fluctuations in the arrival time of ionization clusters from a non- 

radial track trajectory. Uniform drift trajectories also ensure that the ion- 

ization is not spread out due to geometrical effects; thus the double-track 

separation can be kept small (this is only important at small radii). 

4. The accuracy of the TDCs must be sufficient to not contribute to the position 

resolution. If the TDCs are slow, then the gas must have a slow drift velocity. 

For the Mark II, using HRS gas with vd,;ft = 50pm/nsec, the TDCs have a 

2 nsec least count. 

5. There are designs for chambers with very high position resolution, making use 

of large numbers of wires, or cells with solid potential planes to provide a well 

defined TDR. Unfortunately, such designs invariably increase the multiple 
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scattering by an unacceptable amount. 

6. The gas must have a low diffusion coefficient. This may not be commen- 

surate with a low-density gas such as helium. (P. Coyle has calculated the 

diffusion coefficient for a He/COa/Isobutane mixture to be N 150pm/Jcm, 

a surprisingly low number). The drift distance must be kept small to mini- 

mize the contribution due to diffusion; this is unfortunately in conflict with 

the requirement that the cell size be large (less wire density). 

A TPC? A TPC, despite the advantage that it has no wires and provides a large 

number of samples, has a very large drift distance and therefore has unacceptable 

position resolution due to diffusion. It also has thick endplates and inner and 

outer walls (to support detectors and field cages), which will increase the multiple 

scattering and degrade the efficiency for low energy photon detection in the outer 

Eh4 calorimeter. Finally, a TPC is very slow for such a high rate environment, and 

does not provide information for a trigger. 

This is a good place to list other issues which depend on the drift gas. Gases 

1. The gas must be well quenched to avoid feedback from photons in the ion 

recombination. 

2. The gas must be low in hydrocarbon content to avoid polymerization at the 

cathode wires (“whisker growth”), This ageing effect can be kept low by also 

keeping the gain low (needed for dE/dx) and the fields at the surface of the 

cathode wires low (this unfortunately requires thick cathode wires). 

3. The electron mobility in the gas must be kept low to keep the Lorentz angle 

small and the TDR well understood. 
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10. PARTICLE IDENTIFICATION WITH DE/DX 

Particle identification via measurement of specific ionization is a powerful tool 

for tracks in the momentum range at a tcF. Unfortunately, the requirements for 

high resolution dE/dx measurement are in conflict with considerations of multiple 

scattering in momentum measurement. The best dE/dx resolution is obtained with 

many measurements along a long trajectory in a dense, pressurized gas. We list 

some of the considerations below: 

1. The dE/dx resolution scales roughly like l/(n.t*P)1/3 where n is the number 

of samples, t is the sample thickness, and P is the pressure. For fixed pfoop, 

the contribution of multiple scattering to the momentum resolution scales 

like (n . t . P)lj2. 

2. The wire gain must be kept low, to avoid space-charge pileup saturation 

effects. 

3. The dE/dx collection region, defined by the electrostatic configuration of the 

wires in the cell, must be kept uniform, or at least well understood. 

4. The pressure and temperature must be kept stable. 

5. The gas must yield a large number of ion pairs per unit path length to reduce 

statistical fluctuations in charge measurement. Argon at STP yields 94 ion 

pairs/cm, while helium yields 9. 

11. PATTERN RECOGNITION 

The low multiplicity of charged tracks at tcF momenta makes pattern recog- 

nition relatively easy. It may be advantageous to arrange the wires in multi-wire 

jet cells to aid in triggering. If the sense wires are arranged with a small stagger 

- with respect to the radial direction, one can resolve left-right ambiguities locally 

- for a short segment of a track. However, such closely-spaced wires can exert strong 

forces on each other, leading to electrostatic instabilities for long wires. 
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There must be a high density of measurements at small radii to find small- 

angle tracks exiting in z. As discussed above, at least 10 measurements (some 

of which should be stereo) should be available in the first 20 cm. Wires spaced 

at 1 cm intervals in radius would be adequate, but may contribute unacceptably 

to multiple scattering. Wires must be spaced far enough apart in radius to allow 

axial and stereo wires to coexist (see above). At larger radii, where the chamber 

is longer in Z, c.are must be taken to avoid electrostatic instabilities (see below). 

To recover closely spaced tracks such as e+e- pairs from photon conversions 

it is important to have multihit capability, with good double-track resolution, at 

very small radii. 

12. OTHER DESIGN CONSIDERATIONS 

Elec.tronics The electronics must provide a fast rise-time and fast TDCs for best 

drift time measurement. It should have multihit capability, especially at smaller 

radii. The charge measurement for dE/dx should have a large dynamic range, 

it should be low noise, and it should also have multihit capability (FADCs?). A 

pole-zero filter should be employed to cancel the l/t ion drift tail. 

Bowing and Electrostatic Stability The wires must be tensioned between end- 

plates to minimize gravitational sag and electrostatic deflection. If the wires are 

close together, and arranged in a staggered jet cell, the electrostatic forces can be 

large enough to produce instabilities. 

For reference, the wire displacement at its midpoint between endplates is given 

by D = L2F/2T, where L is the half-length of the wire, T is the tension of the 

wire in newtons, and F is the total force on the wire. For gravity, F = gp, where 

g = 9.8 x 1O-3 Nt/g, and ~1 is the mass/length of the wire in g/m. For closely 

spaced wires with a stagger s, the electrostatic force F 21 s. This is best estimated 

using an electrostatic simulation of the cell. 

- Endplates and outer barrel The tensioning of many wires produces a large stress 

at the chamber endplates. These endplates should be pre-stressed during stringing 
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to avoid changing the tension on the wires after they have been strung. The end- 

plates and outer barrel need to be strong enough to withstand the force. However, 

the material in the cylindrical walls and endplates should be minimized so as to 

avoid producing photon showers in the material before the photons reach the barrel 

or endplate EM calorimeter. 

Radiation, Anode death The large current in the storage ring will produce back- 

grounds in the detector at small radii, such as tracks from beam-gas collisions, and 

synchrotron photons. These can produce large singles rates on the inner wires, and 

therefore large currents. Anode wires have been known to corrode in various ways 

if the integrated charge/length exceeds certain values. The wires can degrade to 

the point of breakage, which can be disastrous if no provision is made for access for 

removal, or electrical isolation (e.g., straws). The problem can be made less severe 

by using a low-density gas which reduces photon conversion, careful design of syn- 

chrotron photon masks, and reducing the length of the innermost wires (making 

the endplates in a cone shape to cover no more than 300 mr at inner radii). 

Beam-gas Triggers If the innermost wires are very short, they can be useful for 

reducing the trigger rate from beam-gas collisions, with secondaries produced at 

large z which will thus not hit those wires. 

Beampipe Heat,ing The large beam currents (2 0.5 A) at a r - Charm Factory can 

heat the beampipe, requiring cooling even at the IP, where we want to minimize 

material (a thin beampipe of beryllium has limited capacity for conducting heat 

away). Scaling from work for a very high current BB factory indicates that 1’R 

heating from the image charge in the beampipe is not a problem for a 4 cm radius 

beampipe with a 0.5 A beam. However, higher order modes can be a problem if 

the beampipe is not made sufficiently smooth. The problem is minimized if the 

beampipe remains at a constant radius as it passes through the pp quads and the 

IP. 

Pileup Since the beam crossing rate is so large, and the large cell size (and perhaps 
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slow drift velocity) produces large drift times, the presence of hits from events other 

than the one that triggered the detector may be a problem. 

13. QUESTIONS: 

1. What technologies other than jet drift chamber might suit our needs? 

2. What is the best achievable u for different gases, drift distances? How best 

to limit diffusion? 

3. How to design large cells, with density of wires much less than that of the 

Mark II? A uniform drift electric field, useful in understanding the TDR 

and charge collection region, usually requires a large number of field shaping 

wires. 

4. Closely spaced axial and stereo wires over long distances: are there electro- 

static instability problems? 

5. How best to arrange the wires, consistent with the above considerations, to 

optimize pattern recognition? 

6. What is the best achievable dE/dx resolution for different gases? 

7. Will the radiation and beam-gas backgrounds damage the innermost anode 

wires, and if so, how can they be elec.tric.ally isolated, or removed, if they 

break? 

8. Is beampipe heating a problem ? how to design a sufficiently smooth, ther- 

mally conducting beampipe ? Is special cooling necessary? How much mate- 

rial will this require? 

9. Is pileup a problem? 

10. Precision vertexing - is it needed? How best to implement? 
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