******************* STAR Note 155 ******************* 3rd March 1994Pressure Measurement and Gas Gain Stabilization on the STAR TPCGulshan RaiLBLVariation in the ambient pressure will affect the electron drift velocity and theavalance gas gain in the STAR TPC. This note discusses the feasibility of measuring thepressure with sufficient accuracy to either correct the drift velocity in the absence of anyother calibration information, or apply a simple servo control to stabilize the gas gain byadjusting the anode potential.Experience with the EOS TPC has shown pressure fluctuations in the range 730 -750 mm Hg, that is, DP/P ~ 3 % (note one standard atmosphere = 14.695 lbf/in2 =101.325 kPa = 407.87 in (33.99feet) water). The drift velocity of electrons in the P10 (Ar+ 10% CH4) gas mixture (E=120 V/cm) varied between 5.2 and 5.5 cm/us, DW/W ~ 6%.DW/W ~ 2 · DP/P, appears to be a good approximation, and assuming this to bereasonable, one can estimate the the accuracy to which the pressure must be measured. Asa criterion, let’s assume we desire a position accuracy of (DS) 1mm over a drift distanceof 1m. Thus DS/S ~ 0.1% = DW/W = 2 · DP/P, and therfore DP/P ~ 0.05%. Thissuggests a pressure sensor with a 50 Pa (7.5E-04 lbf/in2, or 0.014 in Hg) resolution, anda 11 bit (2048) dynamic range over full scale (1 atm). Pressure sensors are usuallyavailable in absolute (single port) or differential (dual port) gauges. The dynamic rangemay be relaxed by referencing with respect to a known pressure. For example, if themaximum change in pressure DP/P ~ 10% (extreme swings in weather), then 8 bits willsuffice with a suitable differential offset. The challenge is to find sensors with therequired sensitivity and temperature stability.Another estimate for DP/P is made based upon the desire to keep the gas gainconstant. Bateman [1] has derived useful formulae for Argon + 7.5% methane gasmixture, which expresses the gas gain in terms of the ratio P/T, and, furthermore verifiedthem. Using his equation (5), reproduced here: ln G = V/74.0 exp(-(222q+297)/V)(where G = gas gain, V = anode voltage, and q = P (mbar)/T(K) (1bar ~ 1 Atm)) I havetabulated the Voltage vs Gain for different pressures. The operating point is assumed tobe P=1000 mbar, T=293K.

P=1000, T=293P=999, P=998, P=997, P=995,DP/P = 0.1% DP/P = 0.2% DP/P = 0.3% DP/P = 0.5%----------------------------------- ---------------- --------------------------------Volts Gain(G)Gain, DG/G % Gain, DG/G % Gain, DG/G % Gain, DG/G %1300 2441 2464 0.95% 2475 1.3 2486 1.82509 2.81320 3036 3065 0.951340 3781 3816 0.95 3834 1.4 3852 1.9 3888 2.81360 4712 4757 1.001380 5881 5938 1.00 5966 1.45 5994 1.9 6052 2.91400 7347 7418 1.00P=950, T=293DP/P = 5%

Volts

Gain

DG/G %1300309027.01340481127.01380752528.0The first column show the results at the operating point while the last column isindicative of the changes to be expected for normal atmospheric variations (DP/P = 5%).Clearly, the gain can vary by as much as 28%. A pressure change of 0.1, 0.2, 0.3, 0.5 %causes almost 1, 1.4, 1.8, 2.8 % variation in gas gains respectively. Assuming, we requiregain stabilization, DG/G, at the 2% level, then one must regulate the pressure by 0.3%.This (0.3%, DP ~ 0.1in Hg) is also the measurement resolution needed and should becompared with the value 0.05% derived from the spatial resolution argument givenabove. Obviously, gain stabalization places a less stringent demand upon the sensorspecification.If one operates the anode wires at 1340 V, (i.e, G = 3781 at P=1000 mbar) then a5% variation in pressure would require 21V adjustment to the anode potential in order tohold the gas gain steady.There are many solid state sensors on the market. I have reviewed Motorolaspecifications regarding their on-chip temperature compensated devices. Typicalsensitivity range from 0.4 - 1mV/kPa (linearity 0.2% fss) and, as illustrated in theirapplication notes, these devices can resolve 0.1in Hg. Thus one should be able toimplement servo control along the lines advocated by Batemen. Measuring the pressureto 0.05% accuracy is, I believe, on the borderline of sensor capability, but not necessarilyimpractical.In summary, online pressure measurements should be made on the STAR TPC.Solid state pressure sensors are cheap, and have sufficient resolution to be useful forcalibration. It is possible to implement a simple servo loop to stabilize the gas gain.[1] J.E. Bateman, RAL preprint, 1993