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1. Introduction to the PCS with 228Th

In this paper we describe in some detail the operating characteristics of the PCS counters we propose to put into SNO.  We show that the measured characteristics of the counter approach those expected.  Further, we show the counter has a very high efficiency, ~94%, for detecting the beta particles emitted in the Th decay chain.  Also we show that we can measure the Th decay rate in the counter to better than 5%.


The PCS is a proportional counter with a radioactive source deposited on the wire at the center of the active region.  The counter itself is shown in Fig. 1. The significant dimensions are: Length of sensitive region = 5.36 cm and diameter of proportional region = 1 cm with a 25 micron stainless steel central proportional wire.  In this discussion, we describe the response of the counter to 228Th electro-deposited on a stainless steel 25-micron diameter wire at the center of the sensitive region.  This particular wire we have designated as PCA and all results reported apply only to PCA.  The 228Th chain emits five alpha particles and two beta particles on the way to stable 208Pb. The chain is shown in Fig. 2. The important part of the chain for the purposes of this paper is from 212Pb to 208Pb.  For this region, the important particles in the PCS are the beta particles from the Pb -> Bi, Bi -> Po and Tl -> Pb decays and the Po alpha particle decay. In particular, the Tl->Pb transition produces one of the main backgrounds in SNO.  We use the 300 ns half-life of the 212Po alpha particle decay to tag the Bi->Po->Pb part of the decay chain.  From the measurement of this part of the chain we can quantify the Bi -> Tl -> Pb branch.


The beta particles exit the counter through the gas of the PCS and the thin lexan wall.  They lose very little energy in the gas and about 140 keV when they exit normal to the .7 mm wall.  Thus they lose most of their energy in the medium outside the counter.


The energy loss of the betas in the counter gas can be used to characterize their mode of exit from the counter.  It will have a minimum for normal particles and will increase as 1/cos(theta) where theta is the angle that the beta particle makes to the normal to the wire.  For 3-bar pressure, relativistic beta particles produce about 120 electrons in crossing the 5 mm radius of the counter.  At the maximum angle of 77.4 degrees this increases by about a factor of 5 to about 600 electrons.  The rise time of the pulses from the counter is about 150 ns, which is the electron drift time for electrons from the cathode to the wire.  This rise time applies for all particles that travel to the cathode wall of the counter.  For beta particles going into the end cap of the counter, the rise time will be proportional to the maximum radius reached by the particle and the amplitude will become approximately constant.


Alpha particles, except for a small fraction, will either deposit a large amount of energy in the counter or be absorbed in the wire.  This amount of energy is so large it saturates the electronics and therefore we have constructed a logarithmic preamplifier to limit the pulse size from the 
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Figure 1
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Figure 2:  Ealpha  Po = 7.87 MeV, Bi =6..09,  Qbeta Bi =2.245 MeV
preamplifier. Its logarithmic response allows us to measure low amplitude beta particles in the presence of high amplitude alpha particles.

In order to Quantify the response of the PCS to the Th chain, we have surrounded it with a scintillation counter (SC).  Then we have examined the pulse height spectrum produced by the source in the counter under a number of conditions both in coincidence with the SC and in the singles mode. A coincidence between the SC and the PCS requires that a beta or gamma ray is emitted from the Th source and detected in the SC and at the same time some energy is deposited in the PCS.  Since the alpha particles cannot get through the lexan wall of the counter, they will themselves produce no coincidences.  Also, the efficiency of the thin-walled SC is low for gamma rays, so we do not have a high rate from them. In this note, we report the results from the acquisition of the following spectra:

1. The beta.alpha(del):  This coincidence selects a beta particle pulse in the PCS that is followed by an alpha particle pulse in the PCS within the 300 ns lifetime of the Po state.  This uses the PCS pulses to self-select the Bi->Po->Pb decay.

2. The beta.alpha(del).SC:  A coincidence is demanded between the SC and the beta.alpha(delayed) sequence in the PCS.  The ratio of this rate to the rate of the above delayed coincidence gives the SC efficiency for beta particles from the Bi -> Po decay since a beta particle from this decay always precedes the delayed alpha particle from the Po decay.

3. The SC.alpha(del):  This is the coincidence between the SC and a delayed alpha particle seen in the PCS.  This also selects the same decay but does not require there be a beta particle in the PCS.

4. The SC.alpha(del).beta:  This is a coincidence between the coincidence of number three above and a beta particle seen in the PCS. The ratio of this rate to the rate for #3 above is the efficiency of the PCS for the Bi -> Po betas.

5. The SC.pcs:  This is a coincidence between any SC pulse and any PCS pulse.  This selects all decays from the Th source on the wire that produce signals in both the PCS and in the SC. 

6. The singles spectrum triggered by a low level discriminator.  This gives the full spectrum seen in the PCS.

7. The singles spectrum triggered by a high level discriminator. This discriminator is used to select the alpha particles in the coincidence logic. This spectrum is used to calibrate the alpha particle discriminator setting.

The pulse height analyzer system has a long time constant and sums the pulse heights from the beta and alpha decay of the Bi->Po->Pb decay chain. Therefore we do not separately see the beta and alpha particle pulse heights of the Bi->Po->Pb chain, only their sum.


Using the rates for the above spectra we can get quantitative information about the PCS and the Th source.  This information is described in detail in association with Table 1 below.  

2. RESULTS: Pulse Height Spectra

2.1 The Blank Cartridge (No Source)


As a test, we have first measured the response of a cartridge with no source deposited on the wire.  The background rate in such a counter was < 1Hz.  

To measure the resolution and uniformity of gain of a PCS without Th on the wire, we took a 55Fe spectra.  Such a spectrum is shown in Fig. 3.  
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Fig. 3 The Spectrum of 55Fe showing the 6 keV X-ray and the Ar double escape peak at 3 keV.

The 6 keV peak from the Fe and the low energy peak at 3 keV from the escape of the Ar X-ray of the counter gas are seen clearly.  Of particular note is the low level of the background either above or below these peaks. 

As a further test, we checked the counter gain as a function of position along the wire by measuring the pulse height of the Fe peak at a number of positions along the wire. The peak channel number of the 6 keV X-ray did not change.  Therefore the wire gain was constant within a few per cent.

2.2 Source PCA

All the results in this document refer to measurements made on a source we have labeled PCA.  This source was made by electro-deposition of 228Th over a 2-mm length at the center of a 25-micron stainless steel wire.

Production of 228Th-coated Wire

Electro-deposition is the technique used to prepare good quality alpha particle counting sources. The radioisotopes of interest are commonly deposited on polished stainless steel discs by electrochemical reduction of soluble ions in the solution to insoluble forms that interact with the surface of the metal. In this application, a 25-micrometer diameter stainless steel wire was used as the cathode in the electrochemical apparatus for 228Th deposition. A platinum electrode, used as the anode, was cleaned in concentrated hydrochloric acid, and then thoroughly washed with distilled water. 

Two milliliters of 228Th standard solution (60 Bq.ml-1) were evaporated to dryness. The residue was then dissolved in 5 ml of 0.75M H2SO4 and transferred to a 20-ml beaker. The solution was adjusted to pH~2 with NH4OH; its final volume was nearly 10 ml. The 25-micrometer stainless steel wire was mounted on a 20-cm long Teflon tube in such a way that only a few millimeters of the wire were in contact with the 228Th-containing solution. The electrolysis was carried out at 90 mA for 4 hours and the D.C. voltage ranged from 25 to 30 V. The relatively low current is important to avoid heating the liquid and causing some possible loss of yield. 

The final size of the deposit was about 3 mm in length on the surface of the stainless steel wire. Over 90% of 228Th in the solution was deposited on the wire. The radon daughter grew into full equilibrium activity ((95%) on the wire and was retained quantitatively in the deposit for several months at ambient temperature. The platinum black (1), which was derived from the anode during the electrolysis, was deposited in a thin film on the cathode and was responsible for the enhanced retention of 228Th on the wire and its ingrowing daughters, particularly 220Rn. In initial tests, a few micrograms of dissolved platinum were added to the electrolyte medium to optimize the retention of radioactivity on the wire. It was found however that, with this additional platinum, the thickness of the deposited film increased to some tens of micrometers. This increased depth of the deposited layer was found to reduce the gain of the proportional counter when the voltage was applied. This loss of gain was high enough to affect the efficiency for counting the electrons that were formed in the counter gas by the ionizing radiation from 228Th. Thus no additional dissolved platinum was used in the production of the 228Th-coated wire. In essence, the 228Th deposited on wire is weightless.    

A detailed study was done of the electrodeposition efficiency and retention ability for 228Th-coated wires produced under the above electrolysis conditions. The losses of thorium daughters by (-decay recoil and, particularly of radon by emanation, were observed by measuring the activities of ingrown 228Th daughters and comparing the 220Rn/224Ra activity ratio, respectively, with a Si(Au) surface-barrier detector, over a period of a few months after the 228Th source preparation. These results will be discussed in another publication (2).

Wire Scan

The wire was loaded into a PCS cartridge and tested for its quality as a SNO source.  The first test was to scan it with the 55Fe source to check the effect of the source deposition on the operation of the counter.  We measured the Fe peak position, the Fe peak rate and the total rate for the spectrum as a function of position along the wire. The results are shown in Fig. 4. There was a small loss of gain at the position of the deposition, 25 mm in Fig. 4, as shown by the change in the amplitude of the 55Fe peak.  This loss of gain was not enough to affect the efficiency of the counter for the electrons.  As seen below neither the peak rate nor the total rate showed any change as a function of The Fe source position along the wire.
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Figure 4
Total Spectrum


The full spectrum of pulses seen in the PCS from the Th source is shown in Fig. 5.  
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Figure 5
Figure 5 shows the main characteristics of the counter response to the source.  It is taken at 46-psi of P10 gas at 2300 volts.  For this description we largely ignore the large bump at high channel numbers.  This is due to the alpha decays in the Th chain and here we are mainly interested in the low amplitude pulses from the beta particles.  In the beta part of the spectrum there is a short initial plateau followed by a rise to a broad peak at the beginning of the spectrum.  Then there is a long tail followed by a rise at high pulse heights.  These characteristics are explained as follows:

1. The beta particles from the wire have a minimum loss for those that go normal to the wire and exit the counter at the center.  This means there is a minimum pulse height.  This is what causes the rise at the low end of the pulse height spectrum.  The solid angle is a maximum for these particles and that is why the spectrum rises to a maximum just above this rise.

2. As the electron emission angle moves away from the normal to the wire, the track of the beta in the gas becomes longer and the amplitude of the pulses from the counter increase.  The long slow tail reflects the way in which the solid angle changes with particle emission angle.

3. The bump at the highest amplitudes is due to the alpha particle spectrum.   The high ionization from these particles saturates even the logarithmic response of the preamplifier.  The rather sharp peak in the middle of the smoother bump is a technical effect due to the overloading of the preamplifier.

The Alpha Particle Spectrum

Fig. 6 shows the same spectrum taken with the pulse height analyzer gated by the alpha particle discriminator.  This shows the cutoff setting of the alpha particle discriminator.
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Figure 6
 The Beta.Alpha(del) Spectrum


With the electronic logic, we produce a gating signal for the pulse height analyzer that demands a low amplitude pulse in coincidence with a delayed high amplitude pulse.  This condition selects the Bi->Po->Pb decay sequence of the Bi decay since the Po has a 300ns half-life. For these measurements we have set the delay to select alpha particles which are delayed by >350 ns. The amplifier used to feed the pulse height analyzer has a 2-microsecond time constant.  Therefore it cannot separate the beta particle from the alpha particle but produces the spectrum of the sum of the two amplitudes.  This spectrum is shown in Fig. 7.
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Figure 7
The Beta.Alpha(del).SC Spectrum


This spectrum is the same as the last one except that it requires a SC signal in coincidence with the Beta.Alpha(del) signal.  The ratio of the Beta.Alpha(del).Scintillator rate to the Beta.Alpha(del) rate measures the efficiency of the SC for the beta particles from the Bi->Po decay.  This efficiency is about 60%.  The spectrum is shown in Fig. 8.
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Figure 8
The PCS.SC Spectrum


This spectrum, shown in Fig. 9, includes all coincidences between the PCS and the SC.  
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Figure 9
The beta particles mainly come from the Bi and Tl decays although there are some from the Pb->Bi decay.  A few other coincidences come from Alpha particles that go to excited states of daughter nuclei that then decay by either electron capture or gamma ray emission with enough energy to trigger the SC. The bump at the top is of course mainly from the alpha particles from the Po->Pb decay summed with their associated beta particles.  The peak at low channel numbers is the pulse height spectrum produced by the beta particles in the proportional counter.  


The low energy part of the spectrum is mostly produced by beta particles from the Pb -> Bi, Bi -> Po and the Tl -> Pb decay.  Most of the Bi -> Po decay electrons will have an alpha particle in coincidence with them and will be included in the Alpha peak.  However, there will be a contribution to the beta spectrum from those beta particles whose associated alpha particles are absorbed in the wire. We have calculated the fraction of alphas that survive the wire to be 77% using a Monte Carlo program.  There is, in addition, a contribution to this peak from the Pb -> Bi beta decay electrons.  The fraction of these that reach the SC is calculated by Monte Carlo to be about 1% and we have ignored it.


The shape of the alpha spectrum is identical with that from the beta.alpha(del) spectrum since they have the same source.  Therefore we have removed the alpha spectrum from PCA_160 by normalizing the beta.alpha(del) spectrum, Fig.9, to the upper part of the SC.PCS spectrum and subtracting it.  The resulting spectrum is shown in Fig. 10.
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Figure 10
We have tried to explain the shape, by simulating the pulse height distribution for Bi->Po beta events for Bi on the wire, including the Landau distribution for the energy loss in the gas and a resolution function to take into account the gain straggling in the PCS. The Chi-squared fitted MC spectrum and the experimentally observed spectrum are shown in Figure 11 below where the free parameters are the amplitude and the horizontal scale. We obtain a Chi-squared value of 1.5, where we attribute the difference from 1 to multiple scattering, and other effects that are not in the MC. 
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Figure 11
Figure 11 : Fit of MC simulated Bi->Po beta spectrum (black) to experimentally obtained spectrum(blue). 
The SC.Alpha(del) Coincidence

This coincidence is useful to measure the efficiency of the beta particles in the proportional counter.  If we observe a coincidence between the SC signal and that from a delayed alpha particle then we can be certain (barring chance coincidences) that there should be a beta particle in the proportional counter.  Therefore, we measure the rate for this signal and also the rate for a beta particle in coincidence with it and the ratio gives us the beta particle efficiency for the beta particles from the Bi to Po decay.  This ratio has been found to be 94% for the counter PCA.  It is important to point out that this measurement is independent of any conditions like pulse height selection or efficiency of either the alpha particles or the scintillator.  All that is required is that when there is a coincidence between the SC and a delayed large pulse in the proportional counter we know there was a beta particle produced.

This measurement has another significance.  If all the Bi were on the cathode of the counter the beta efficiency would only be 50%.  Therefore a high efficiency means that the Th has stayed on the wire.  Therefore our 96% efficiency shows that less than 8% of the Th has migrated to the cathode.  (Our fit to the data in Table 1 finds a number consistent with zero.) This limit is not very stringent.  If the beta particles were on the wall of the counter their pulse height amplitude would be very broad and have no minimum.   Therefore, since the spectrum of the beta particles in Fig. 10 shows a distinct minimum is a further signal that the Th is staying on the wire.

3. RESULTS: Rate Measurements

3.1 PCS Rate Measurements


Each of these spectra has rates associated with them and these rates are coupled to the amount of Th in the counter and particularly the amount on the wire.  Therefore we have made a set of measurements of these rates and then calculated them from the known properties of the counters and the decay schemes.  The rates (in Hz) are given in Table I.

Table I

The Calculated and Measured Rates for PCA

	1
	
	Isotope Decay
	
	Th->Ra
	Ra->Rn
	Rn->Po
	Po->Pb
	Pb ->Bi
	Bi->Po
	Bi->Tl
	Po->Pb
	Tl->Pb
	Sum
	Meas.
	Diff.
	
	

	2
	
	Branch 
	
	
	1
	1
	1
	1
	1
	0.64
	0.36
	0.64
	0.36
	Rate
	Rate
	
	
	

	3
	
	Alpha Energy
	
	
	5423
	5686
	6288
	6779
	6044
	
	6090
	8785
	
	
	
	
	
	

	4
	
	Alpha Eff
	
	
	0.61
	0.62
	0.64
	0.66
	
	
	0.63
	0.77
	
	
	
	
	
	

	5
	
	Alpha Rate
	
	116.1
	118.3
	122.5
	126.4
	
	
	43.61
	94.69
	
	621.5
	619
	2.52
	
	

	6
	
	Beta Rate
	
	20.13
	0.42
	
	
	191.5
	27.9
	17.71
	
	68.95
	326.61
	328
	-1.39
	
	

	7
	
	Sum
	
	
	
	
	
	
	
	
	
	
	
	948.1
	947
	
	
	

	8
	
	Scintillator rate
	
	
	
	37.3
	
	0.00
	71.4
	
	
	26.34
	135.0
	
	
	
	

	9
	
	Beta.Alpha Delayed
	
	
	
	
	
	
	
	30.40
	
	30.4
	30.40
	0.00
	
	

	10
	
	Beta.Alpha Delayed.Scint
	
	
	
	
	
	
	
	17.70
	
	17.7
	17.70
	
	
	

	11
	
	Scintillator Effic.(Measured)
	
	
	
	
	
	
	
	
	
	
	0.58
	
	
	

	12
	
	Scint.PCS Total
	
	
	
	
	
	0.00
	71.37
	
	
	26.34
	97.7
	97.70
	0.00
	
	

	13
	
	Scint.alpha(del)
	
	
	
	
	
	
	18.8
	
	
	
	18.8
	18.76
	0.00
	
	

	14
	
	Scint.alpha(del).beta
	
	
	
	
	
	17.7
	
	
	
	17.7
	17.66
	
	
	

	15
	
	Beta Effic.(Measured)
	
	
	
	
	
	
	
	
	
	
	0.94
	
	
	

	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	
	Rate Calculation Constants
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18
	
	Th decay rate (Bq)
	191.5
	Beta_Eff_ Pb
	1.00
	Scint_Eff_ Pb
	0.00
	
	Po Life 
	Time
	(ns)
	300
	

	19
	
	
	0.8
	Beta_Eff_ Bi
	1.00
	Scint_Eff_ Bi
	0.58
	
	Beta Disc
	Width
	(ns)
	250
	

	20
	
	
	
	Beta_Eff_Tl
	1.00
	Scint_Eff_Tl**
	0.3820
	0.016
	Alpha Delay
	(ns)
	492
	13.00

	22
	
	
	
	
	
	
	
	
	
	**arbitr scale scale of .81
	SC Delay
	(ns)
	467
	13.00

	23
	
	Excited State Constants
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24
	
	Isotope
	
	
	Th->Ra
	Ra->Rn
	Rn->Po
	Po->Pb
	Pb ->Bi
	Bi->Po
	Bi->Tl
	Po->Pb
	Tl->Pb
	Sums
	Meas.
	
	
	

	25
	
	BR(Grnd )
	
	
	0.727
	0.95
	
	
	
	
	0.272
	
	Sc Eff -Ferenc
	
	
	
	

	26
	
	Excited State
	
	
	1
	1
	
	
	
	
	1
	
	Nucleus
	e-th 
	0.05
	0.10
	
	

	27
	
	Alpha Energy
	
	
	5341
	5449
	5747
	
	
	
	6051
	
	
	pb
	0.01
	0.01
	
	

	28
	
	Energy (keV)
	
	
	0.084
	0.241
	
	
	
	
	0.04
	
	
	Bi
	0.51
	0.49
	
	

	29
	
	BR
	
	
	0.267
	0.05
	0.001
	
	
	
	0.699
	
	
	Tl 
	0.42
	0.40
	
	

	30
	
	e/gamma
	
	20
	0.13
	
	
	
	
	22
	
	
	
	
	
	
	

	31
	
	Beta_Eff
	
	1
	1
	
	
	
	
	1
	
	
	
	
	
	
	

	
	
	PCA SS wire diam.
	0.025
	mm
	
	
	
	
	
	
	
	
	
	
	
	
	


The complexity of the table reflects the large number of parameters that are involved in the calculation of the rates.  

In the table, we have calculated the contribution to the rates of each element in the chain separately.  Therefore each element has its own column.  Further, the type of decay is classified as either alpha or beta particle. We have assumed that we can separate these types in the counter based on their amplitude.  The first row lists the initial and final elements of the decay for which the rate is being calculated.   The second row gives the branching ratio (BR) of the parent nucleus for that particular decay.  The third row gives the alpha decay energy to the ground state of the daughter nucleus.  The fourth row gives the calculated efficiency of the PCS for that alpha using a MC simulation.  Each following row contains the calculated rate for each type of decay (alpha, beta, coincidence, etc.) for each decaying isotope.  The sum column, the one after the columns for which all the individual transition rates have been calculated, contains the sum of the calculated columns.  The next column contains the measured rates for each row.  The last column contains the difference between the measured and calculated rates for each row.


The numbers in the sum row have been adjusted using a Chi-squared fitting routine in which the Th decay rate, the delay times of the two delayed coincidence measurements and the efficiency of the SC for the Tl beta rays have been allowed to vary.  Five of the rows, 5, 6, 9,12,13 have been used to fit those four parameters.  The Chi-squared per degree of freedom is about 1.  Although the Chi-squared implies a good fit to the data, it has some problems that limit its usefulness.  First, we find that the last three fitted numbers have differences of zero.  This is certain to happen because the time and electronic delays appear independently in those equations and can be adjusted to give the right value.  The numbers of the time delays are consistent with the expected values.  Here we expect to be able to improve the measurement of those numbers to get rid of them as variables.  The other variable that remains then is the SC efficiency for the Tl beta rays.  That has been found to be about 38% or about 81% of that measured for the Bi beta rays when scaled for energy by a Monte Carlo program.  This is not unreasonable considering the lower energy of the Tl beta particles.  As a result, the main uncertainty in the calculations used in these tables is the alpha particle efficiency.  The Monte Carlo calculation does not take into account the build up of material on the wire either from the plating or the operation of the chamber.  Therefore we believe the actual Th decay rate is known to better than 5%.  This rate is in agreement with measurements of the source with a Ge counter which has an error of 10%.

The description of the subsequent rows and the equations used is as follows:


Row 5.  The alpha particle rate 

This rate is calculated using the Th decay rate (RTh the common variable of the table), the alpha particle efficiency and the BR. 

 Ralpha (Th->Ra) = RTh * Effalpha  *BR                                                     

       
Ralpha (Th->Ra) is the calculated Th -> Ra decay rate.



RTh is the rate of Th decay on the wire

Effalpha is the alpha particle efficiency of the PCS for Th branch of that column.


BR branching ratio

Row 6.  The beta particle rate

The calculation uses the Th decay rate, the PCS beta particle efficiency and the branching ratio. In order for an isotope that decays 100% by alpha particle emission to produce a beta ray pulse in the PCS, there had to be an alpha particle transition to an excited state with the alpha particle absorbed by the wire and the excited state decay being detected in the PCS.  We have calculated this using the product of the branching ratio to the excited state, the PCS inefficiency for the alpha particle, the electron to gamma-ray conversion coefficient and the PCS conversion electron efficiency.  For this case, we have assumed the latter efficiency is 100%.  The data for the excited state transitions is included under the column that applies to that transition.                                                                 


A typical equation for this process would be:

Rbeta  =  RTh*BRE*Effbeta*(1- Effalpha )

BRE is the branching ratio of the alpha particle transitions to the first excited state.  The other elements of the equation should have their obvious connotations.

Row 7.   The sum of the beta and alpha particle rates

This sum is not used in the comparisons.

Row 8.   The calculated singles SC rate. 

The measured rate contains an unknown background and hence cannot be used in a comparison of the measured and calculated data.  

Row 9.   The beta.alpha(del) rate

The logic triggers on a beta particle pulse and then waits for a delayed alpha particle following it.  This rate applies only to the Bi->Po decay branch.  Therefore to calculate it we use the Th decay rate, the alpha and beta particle efficiency and the delay time of the alpha particle gate.  The delay time takes into account the losses due to the decays that occur before the gate is opened.

R(beta.alpha(del)) = RTh *BR* Effalpha_* Effbeta  *exp(-0.693*Tdel/T_half)

Tdel is the delay used in the logic to select the alpha particle.  We fit this in our fitting routing because of the large variation due to the rise time of the beta particle pulses.



T_half is the half-life of the Po state.

The two Eff factors are the efficiencies of the alpha and beta particles.

Row 10.  The beta.alpha(del).SC rate

The logic used in this coincidence rate adds the condition to the beta.alpha(del) condition that there be a SC pulse as well.  Since we know there is beta particle emission with each beta.alpha(del) pulse, this rate gives the efficiency of the SC for seeing the Bi beta particle.  In this case it is about 60%. 

Row 11.  The SC Efficiency

This row contains the ratio of the two measurements of row 8 to row 7. That is the efficiency of the SC for the Bi beta rays.  This ratio is used in the calculations that require the SC efficiency.

Row 12. The PCS.SC rate

Here we have calculated and measured the rate for counts in the SC in coincidence with the PCS.  This calculation requires the inclusion of the three beta decay branches in the Th chain, Pb, Bi and Tl.  We use the Th decay rate, PCS beta particle efficiency, the SC efficiency, for the Pb and Tl branches and also the sum of the Bi beta efficiency and the Po alpha particle efficiency for the Bi->Po branch.

PCS.SC(Bi) = RTh *BR(Po)*Effsc_Bi*(Effalpha_Po+EffPCS_beta_Bi .(1-Effalpha_Po)) 

PCS.SC(Tl) = RTh *BR(Tl)* Effsc_Tl *Effbeta_Tl .

The notation should be obvious.  The First of these equations (the Bi rate) has two terms.  The first term takes into account the rate for the alpha particles being detected in the PCS while the second term takes into account the efficiency for seeing a beta in the PCS when there is no alpha.  The alpha particle is missing when the wire absorbs it.  The second equation contains two poorly known quantities.  The first is the SC efficiency for the Tl beta rays.  In a Chi-squared fit to the data we find a value of 81% of the measured efficiency for the Bi to Po transition after is scaled by the efficiency calculated by a MC program. 

The second is the PCS efficiency for them (assumed to be 1). There is another small and unknown component from the Pb->Bi transition.  This has a low energy and the probability of the beta particle making it to the SC and being counted is small enough to ignore.  Our Monte Carlo predicts <1%.

Row 13. The SC.alpha(del) 

These coincidences occur for the Bi->Po decay.  A SC pulse has a delayed alpha particle (high amplitude) pulse in the PCS following it. The calculation requires the Th decay rate, The Bi->Po branching ratio, the SC efficiency, the Po alpha particle efficiency and the delay losses due to the gating delay.  

R(beta.alpha(del)) = RTh *BR* Effalpha_* EffSC*exp(.693*Tdel/T_half)

This is the same formula as for the beta.alpha(del) rate except the sc efficiency has been substituted for the beta efficiency and the time delay is that of the pulse used for this coincidence. 

This is a very useful coincidence because if it occurs, it means that there has to be a beta particle in the PCS.  

Row 14. The SC.alpha(del).beta Rate

The ratio of this rate to the above rate gives us the PCS beta particle efficiency.  We measure this to be about 94%.

Row 15. The Beta Particle Efficiency

This number is just the ratio of the measured values in the above two rows and is used in the calculations that require the beta efficiency.  We find the beta efficiency of the PCS is ~94%.

The parameters used in calculating the rates are given at the bottom of the table.  The main variable is the total decay rate of the Th on the wire.  The efficiency of the SC is measured for the Bi beta decay and that number is used as the basis for the other efficiencies.  It is mainly a measure of the solid angle of the SC.  The efficiency of the PCS should be close to 1 and that is what is measured.  However, in these equations we have arbitrarily fixed the PCS beta particle efficiencies at 1. The other parameter that is used is the delay constant in the two delayed coincidence measurements.  The actual delay is not well established because the time resolution and slewing of the pulses causes a fair amount of slop.  Therefore those delays were adjusted in the Chi-squared fit described above.

The efficiencies and the time delays have been adjusted by the fit to get the good agreement so this is not an absolute measurement.  However the fact that these numbers are so close gives us confidence in the method.  For this counter we estimate that we know is absolute rate to better than 5%.

3.2 The Ge measurement of the PCA Th Decay Rate

We have measured the Th decay rate using a Ge counter by measuring the intensity of the 238 keV gamma ray from the decay of 212 Pb.  We compare the intensity of the gamma ray with the PCS as the source with that from a known amount of Th used as the source.  The absolute Th decay rate by this method is 207 Bq.  This has an error of about 10%.  This is to be compared with the number from the above table of 191 Bq.  The numbers agree within the errors.

4. Conclusions

We have made the following measurements with the associated conclusions.

1. We have measured the background rate in the PCS with no source on the wire and found it to be <1 Hz.

2. We have measured the gain of the PCS over its operational length and found it to be independent of position on the wire.

3. We have measured the gain of PCA over its operational length and found its rate and gain to have only a small dependence on the position of the source along the wire.  

4. The spectrum of pulses seen in the PCA confirms that the counter operates in the way we had predicted when it was designed. In particular, a fit of the spectrum taken in coincidence with the SC gives a Chi-squared of 1.5 per degree of freedom for 400 degrees of freedom

5. Triggering on an alpha particle following a beta particle in the PCS from the Bi->Po->Pb decay chain we are able to measure the efficiency of the SC for detecting the beta particles.  

6. Triggering on the coincidence between the SC and the delayed alpha particle we are able to measure the beta efficiency of the PCS and find this to be >94%.

7. Using the singles rates in the counter, the delayed coincidence rates mentioned above and the total coincidence rate between the SC and the PCS we have been able to get an accurate measurement of the source strength of the counter of 191+/-10 Bq.

8. The source strength of PCA was measured using a Ge counter and found to be 207+/-20 Bq in agreement with that measured using the PCS-scintillation-counter combination.
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PCA_160_157

				!60-157				160				157		160

		0		0		0		0		0		0		0

		1		0		1		0		1		0		0

		2		0		2		0		2		0		0

		3		0		3		0		3		0		0

		4		0		4		0		4		0		0

		5		0		5		0		5		0		0

		6		0		6		0		6		0		0

		7		0		7		0		7		0		0

		8		0		8		0		8		0		0

		9		0		9		0		9		0		0

		10		0		10		0		10		0		0

		11		0		11		0		11		0		0

		12		0		12		0		12		0		0

		13		0		13		0		13		0		0

		14		0		14		0		14		0		0

		15		0		15		0		15		0		0

		16		0		16		0		16		0		0

		17		0		17		0		17		0		0

		18		0		18		0		18		0		0

		19		0		19		0		19		0		0

		20		0		20		0		20		0		0

		21		5		21		5		21		0		5

		22		9		22		9		22		0		9

		23		7		23		7		23		0		7

		24		11		24		11		24		0		11

		25		10		25		10		25		0		10

		26		8		26		8		26		0		8

		27		12		27		12		27		0		12

		28		15		28		15		28		0		15

		29		16		29		16		29		0		16

		30		11		30		11		30		0		11

		31		21		31		21		31		0		21

		32		30		32		30		32		0		30

		33		13		33		13		33		0		13

		34		24		34		24		34		0		24

		35		23		35		23		35		0		23

		36		28		36		28		36		0		28

		37		28		37		28		37		0		28

		38		41		38		41		38		0		41

		39		35		39		35		39		0		35

		40		29		40		29		40		0		29

		41		40		41		40		41		0		40

		42		37		42		37		42		0		37

		43		40		43		40		43		0		40

		44		36		44		36		44		0		36

		45		48		45		48		45		0		48

		46		53		46		53		46		0		53

		47		62		47		62		47		0		62

		48		49		48		49		48		0		49

		49		60		49		60		49		0		60

		50		57		50		57		50		0		57

		51		78		51		78		51		0		78

		52		62		52		62		52		0		62

		53		69		53		69		53		0		69

		54		65		54		65		54		0		65

		55		73		55		73		55		0		73

		56		65		56		65		56		0		65

		57		65		57		65		57		0		65

		58		58		58		58		58		0		58

		59		49		59		49		59		0		49

		60		72		60		72		60		0		72

		61		70		61		70		61		0		70

		62		67		62		67		62		0		67

		63		65		63		65		63		0		65

		64		60		64		60		64		0		60

		65		70		65		70		65		0		70

		66		85		66		85		66		0		85

		67		79		67		79		67		0		79

		68		79		68		79		68		0		79

		69		72		69		72		69		0		72

		70		76		70		76		70		0		76

		71		81		71		81		71		0		81

		72		76		72		76		72		0		76

		73		61		73		61		73		0		61

		74		84		74		84		74		0		84

		75		68		75		68		75		0		68

		76		81		76		81		76		0		81

		77		84		77		84		77		0		84

		78		74		78		74		78		0		74

		79		74		79		74		79		0		74

		80		73		80		73		80		0		73

		81		63		81		63		81		0		63

		82		75		82		75		82		0		75

		83		71		83		71		83		0		71

		84		59		84		59		84		0		59

		85		69		85		69		85		0		69

		86		64		86		64		86		0		64

		87		60		87		60		87		0		60

		88		73		88		73		88		0		73

		89		64		89		64		89		0		64

		90		76		90		76		90		0		76

		91		79		91		79		91		0		79

		92		69		92		69		92		0		69

		93		49		93		49		93		0		49

		94		70		94		70		94		0		70

		95		52		95		52		95		0		52

		96		51		96		51		96		0		51

		97		65		97		65		97		0		65

		98		49		98		49		98		0		49

		99		55		99		55		99		0		55

		100		51		100		51		100		0		51

		101		46		101		46		101		0		46

		102		48		102		48		102		0		48

		103		63		103		63		103		0		63

		104		46		104		46		104		0		46

		105		46		105		46		105		0		46

		106		63		106		63		106		0		63

		107		56		107		56		107		0		56

		108		58		108		58		108		0		58

		109		46		109		46		109		0		46

		110		46		110		46		110		0		46

		111		43		111		43		111		0		43

		112		51		112		51		112		0		51

		113		46		113		46		113		0		46

		114		45		114		45		114		0		45

		115		39		115		39		115		0		39

		116		44		116		44		116		0		44

		117		41		117		41		117		0		41

		118		52		118		52		118		0		52

		119		49		119		49		119		0		49

		120		45		120		45		120		0		45

		121		38		121		38		121		0		38

		122		44		122		44		122		0		44

		123		45		123		45		123		0		45

		124		34		124		34		124		0		34

		125		35		125		35		125		0		35

		126		39		126		39		126		0		39

		127		41		127		41		127		0		41

		128		41		128		41		128		0		41

		129		29		129		29		129		0		29

		130		31		130		31		130		0		31

		131		34		131		34		131		0		34

		132		29		132		29		132		0		29

		133		26		133		26		133		0		26

		134		39		134		39		134		0		39

		135		30		135		30		135		0		30

		136		26		136		26		136		0		26

		137		41		137		41		137		0		41

		138		23		138		23		138		0		23

		139		26		139		26		139		0		26

		140		32		140		32		140		0		32

		141		35		141		35		141		0		35

		142		33		142		33		142		0		33

		143		33		143		33		143		0		33

		144		32		144		32		144		0		32

		145		24		145		24		145		0		24

		146		36		146		36		146		0		36

		147		29		147		29		147		0		29

		148		32		148		32		148		0		32

		149		37		149		37		149		0		37

		150		32		150		32		150		0		32

		151		28		151		28		151		0		28

		152		30		152		30		152		0		30

		153		18		153		18		153		0		18

		154		24		154		24		154		0		24

		155		24		155		24		155		0		24

		156		30		156		30		156		0		30

		157		16		157		16		157		0		16

		158		18		158		18		158		0		18

		159		27		159		27		159		0		27

		160		29		160		29		160		0		29

		161		16		161		16		161		0		16

		162		25		162		25		162		0		25

		163		24		163		24		163		0		24

		164		27		164		27		164		0		27

		165		18		165		18		165		0		18

		166		31		166		31		166		0		31

		167		22		167		22		167		0		22

		168		21		168		21		168		0		21

		169		30		169		30		169		0		30

		170		23		170		23		170		0		23

		171		23		171		23		171		0		23

		172		20		172		20		172		0		20

		173		26		173		26		173		0		26

		174		15		174		15		174		0		15

		175		26		175		26		175		0		26

		176		22		176		22		176		0		22

		177		15		177		15		177		0		15

		178		18		178		18		178		0		18

		179		12		179		12		179		0		12

		180		21		180		21		180		0		21

		181		22		181		22		181		0		22

		182		27		182		27		182		0		27

		183		31		183		31		183		0		31

		184		26		184		26		184		0		26

		185		20		185		20		185		0		20

		186		17		186		17		186		0		17

		187		18		187		18		187		0		18

		188		13		188		13		188		0		13

		189		17		189		17		189		0		17

		190		16		190		16		190		0		16

		191		14		191		14		191		0		14

		192		13		192		13		192		0		13

		193		15		193		15		193		0		15

		194		18		194		18		194		0		18

		195		27		195		27		195		0		27

		196		13		196		13		196		0		13

		197		21		197		21		197		0		21

		198		19		198		19		198		0		19

		199		19		199		19		199		0		19

		200		14		200		14		200		0		14

		201		11		201		11		201		0		11

		202		17		202		17		202		0		17

		203		13		203		13		203		0		13

		204		16		204		16		204		0		16

		205		16		205		16		205		0		16

		206		9		206		9		206		0		9

		207		9		207		9		207		0		9

		208		9		208		9		208		0		9

		209		14		209		14		209		0		14

		210		9		210		9		210		0		9

		211		17		211		17		211		0		17

		212		5		212		5		212		0		5

		213		13		213		13		213		0		13

		214		22		214		22		214		0		22

		215		17		215		17		215		0		17

		216		15		216		15		216		0		15

		217		16		217		16		217		0		16

		218		18		218		18		218		0		18

		219		19		219		19		219		0		19

		220		7		220		7		220		0		7

		221		14		221		14		221		0		14

		222		15		222		15		222		0		15

		223		13		223		13		223		0		13

		224		19		224		19		224		0		19

		225		11		225		11		225		0		11

		226		13		226		13		226		0		13

		227		11		227		11		227		0		11

		228		9		228		9		228		0		9

		229		13		229		13		229		0		13

		230		12		230		12		230		0		12

		231		4		231		4		231		0		4

		232		17		232		17		232		0		17

		233		4		233		4		233		0		4

		234		3		234		3		234		0		3

		235		17		235		17		235		0		17

		236		12		236		12		236		0		12

		237		11		237		11		237		0		11

		238		11		238		11		238		0		11

		239		9		239		9		239		0		9

		240		10		240		10		240		0		10

		241		13		241		13		241		0		13

		242		14		242		14		242		0		14

		243		11		243		11		243		0		11

		244		7		244		7		244		0		7

		245		11		245		11		245		0		11

		246		9		246		9		246		0		9

		247		12		247		12		247		0		12

		248		10		248		10		248		0		10

		249		1		249		1		249		0		1

		250		10		250		10		250		0		10

		251		5		251		5		251		0		5

		252		4		252		4		252		0		4

		253		13		253		13		253		0		13

		254		17		254		17		254		0		17

		255		10		255		10		255		0		10

		256		11		256		11		256		0		11

		257		11		257		11		257		0		11

		258		9		258		9		258		0		9

		259		8		259		8		259		0		8

		260		12		260		12		260		0		12

		261		11		261		11		261		0		11

		262		10		262		10		262		0		10

		263		13		263		13		263		0		13

		264		6		264		6		264		0		6

		265		8		265		8		265		0		8

		266		5		266		5		266		0		5

		267		10		267		10		267		0		10

		268		7		268		7		268		0		7

		269		12		269		12		269		0		12

		270		11		270		11		270		0		11

		271		14		271		14		271		0		14

		272		7		272		7		272		0		7

		273		4		273		4		273		0		4

		274		6		274		6		274		0		6

		275		7		275		7		275		0		7

		276		7		276		7		276		0		7

		277		12		277		12		277		0		12

		278		10		278		10		278		0		10

		279		2		279		2		279		0		2

		280		14		280		14		280		0		14

		281		5		281		5		281		0		5

		282		10		282		10		282		0		10

		283		11		283		11		283		0		11

		284		14		284		14		284		0		14

		285		4		285		4		285		0		4

		286		3		286		3		286		0		3

		287		9		287		9		287		0		9

		288		9		288		9		288		0		9

		289		5		289		5		289		0		5

		290		10		290		10		290		0		10

		291		5		291		5		291		0		5

		292		12		292		12		292		0		12

		293		7		293		7		293		0		7

		294		8		294		8		294		0		8

		295		5		295		5		295		0		5

		296		8		296		8		296		0		8

		297		6		297		6		297		0		6

		298		6		298		6		298		0		6

		299		6		299		6		299		0		6

		300		8		300		8		300		0		8

		301		5		301		5		301		0		5

		302		9		302		9		302		0		9

		303		5		303		5		303		0		5

		304		7		304		7		304		0		7

		305		11		305		11		305		0		11

		306		8		306		8		306		0		8

		307		7		307		7		307		0		7

		308		7		308		7		308		0		7

		309		10		309		10		309		0		10

		310		4		310		4		310		0		4

		311		9		311		9		311		0		9

		312		2		312		2		312		0		2

		313		8		313		8		313		0		8

		314		4		314		4		314		0		4

		315		3		315		3		315		0		3

		316		10		316		10		316		0		10

		317		6		317		6		317		0		6

		318		3		318		3		318		0		3

		319		6		319		6		319		0		6

		320		4		320		4		320		0		4

		321		6		321		6		321		0		6

		322		3		322		3		322		0		3

		323		10		323		10		323		0		10

		324		5		324		5		324		0		5

		325		5		325		5		325		0		5

		326		6		326		6		326		0		6

		327		8		327		8		327		0		8

		328		9		328		9		328		0		9

		329		2		329		2		329		0		2

		330		5		330		5		330		0		5

		331		6		331		6		331		0		6

		332		2		332		2		332		0		2

		333		9		333		9		333		0		9

		334		4		334		4		334		0		4

		335		7		335		7		335		0		7

		336		6		336		6		336		0		6

		337		4		337		4		337		0		4

		338		2		338		2		338		0		2

		339		3		339		3		339		0		3

		340		4		340		4		340		0		4

		341		10		341		10		341		0		10

		342		2		342		2		342		0		2

		343		4		343		4		343		0		4

		344		4		344		4		344		0		4

		345		6		345		6		345		0		6

		346		6		346		6		346		0		6

		347		5		347		5		347		0		5

		348		3.3886632527		348		5		348		1		5

		349		8		349		8		349		0		8

		350		6		350		6		350		0		6

		351		3.3886632527		351		5		351		1		5

		352		5		352		5		352		0		5

		353		5		353		5		353		0		5

		354		10		354		10		354		0		10

		355		7		355		7		355		0		7

		356		7		356		7		356		0		7

		357		6		357		6		357		0		6

		358		7		358		7		358		0		7

		359		9		359		9		359		0		9

		360		6		360		6		360		0		6

		361		5		361		5		361		0		5

		362		5		362		5		362		0		5

		363		6		363		6		363		0		6

		364		5		364		5		364		0		5

		365		5.3886632527		365		7		365		1		7

		366		5		366		5		366		0		5

		367		7		367		7		367		0		7

		368		3		368		3		368		0		3

		369		5		369		5		369		0		5

		370		5.3886632527		370		7		370		1		7

		371		3		371		3		371		0		3

		372		5		372		5		372		0		5

		373		6		373		6		373		0		6

		374		2		374		2		374		0		2

		375		2		375		2		375		0		2

		376		3.3886632527		376		5		376		1		5

		377		8		377		8		377		0		8

		378		1.3886632527		378		3		378		1		3

		379		7		379		7		379		0		7

		380		8		380		8		380		0		8

		381		8		381		8		381		0		8

		382		2		382		2		382		0		2

		383		1.3886632527		383		3		383		1		3

		384		2		384		2		384		0		2

		385		5		385		5		385		0		5

		386		3		386		3		386		0		3

		387		5		387		5		387		0		5

		388		5		388		5		388		0		5

		389		2		389		2		389		0		2

		390		4		390		4		390		0		4

		391		4		391		4		391		0		4

		392		9		392		9		392		0		9

		393		3		393		3		393		0		3

		394		4.3886632527		394		6		394		1		6

		395		1.3886632527		395		3		395		1		3

		396		4		396		4		396		0		4

		397		7		397		7		397		0		7

		398		2		398		2		398		0		2

		399		3.3886632527		399		5		399		1		5

		400		2		400		2		400		0		2

		401		3.3886632527		401		5		401		1		5

		402		6		402		6		402		0		6

		403		3.3886632527		403		5		403		1		5

		404		8		404		8		404		0		8

		405		4		405		4		405		0		4

		406		4		406		4		406		0		4

		407		6		407		6		407		0		6

		408		4		408		4		408		0		4

		409		5		409		5		409		0		5

		410		6		410		6		410		0		6

		411		8		411		8		411		0		8

		412		4		412		4		412		0		4

		413		8		413		8		413		0		8

		414		5		414		5		414		0		5

		415		6		415		6		415		0		6

		416		4		416		4		416		0		4

		417		5		417		5		417		0		5

		418		6		418		6		418		0		6

		419		2.3886632527		419		4		419		1		4

		420		6		420		6		420		0		6

		421		8		421		8		421		0		8

		422		4		422		4		422		0		4

		423		3		423		3		423		0		3

		424		6		424		6		424		0		6

		425		5.3886632527		425		7		425		1		7

		426		9		426		9		426		0		9

		427		4		427		4		427		0		4

		428		4		428		4		428		0		4

		429		1.3886632527		429		3		429		1		3

		430		10		430		10		430		0		10

		431		4		431		4		431		0		4

		432		1.3886632527		432		3		432		1		3

		433		4		433		4		433		0		4

		434		6		434		6		434		0		6

		435		4		435		4		435		0		4

		436		3		436		3		436		0		3

		437		1.3886632527		437		3		437		1		3

		438		2		438		2		438		0		2

		439		4		439		4		439		0		4

		440		4.1659897581		440		9		440		3		9

		441		1		441		1		441		0		1

		442		6		442		6		442		0		6

		443		2		443		2		443		0		2

		444		4		444		4		444		0		4

		445		4.3886632527		445		6		445		1		6

		446		6		446		6		446		0		6

		447		3		447		3		447		0		3

		448		8		448		8		448		0		8

		449		2.3886632527		449		4		449		1		4

		450		0.3886632527		450		2		450		1		2

		451		10		451		10		451		0		10

		452		6		452		6		452		0		6

		453		0.3886632527		453		2		453		1		2

		454		0.3886632527		454		2		454		1		2

		455		3.3886632527		455		5		455		1		5

		456		2		456		2		456		0		2

		457		1.3886632527		457		3		457		1		3

		458		5		458		5		458		0		5

		459		2		459		2		459		0		2

		460		6.3886632527		460		8		460		1		8

		461		0.3886632527		461		2		461		1		2

		462		1		462		1		462		0		1

		463		4		463		4		463		0		4

		464		3.3886632527		464		5		464		1		5

		465		5		465		5		465		0		5

		466		5		466		5		466		0		5

		467		4		467		4		467		0		4

		468		4		468		4		468		0		4

		469		4		469		4		469		0		4

		470		3.3886632527		470		5		470		1		5

		471		2		471		2		471		0		2

		472		4		472		4		472		0		4

		473		6		473		6		473		0		6

		474		3.3886632527		474		5		474		1		5

		475		2.3886632527		475		4		475		1		4

		476		5		476		5		476		0		5

		477		6		477		6		477		0		6

		478		3.3886632527		478		5		478		1		5

		479		1		479		1		479		0		1

		480		4		480		4		480		0		4

		481		2.3886632527		481		4		481		1		4

		482		1.3886632527		482		3		482		1		3

		483		6		483		6		483		0		6

		484		5.3886632527		484		7		484		1		7

		485		7		485		7		485		0		7

		486		0.3886632527		486		2		486		1		2

		487		1		487		1		487		0		1

		488		5		488		5		488		0		5

		489		5		489		5		489		0		5

		490		8		490		8		490		0		8

		491		4		491		4		491		0		4

		492		3		492		3		492		0		3

		493		3		493		3		493		0		3

		494		6		494		6		494		0		6

		495		0		495		0		495		0		0

		496		2		496		2		496		0		2

		497		4		497		4		497		0		4

		498		7		498		7		498		0		7

		499		0.7773265054		499		4		499		2		4

		500		5		500		5		500		0		5

		501		-1.6113367473		501		0		501		1		0

		502		4		502		4		502		0		4

		503		3		503		3		503		0		3

		504		5		504		5		504		0		5

		505		2.3886632527		505		4		505		1		4

		506		2.3886632527		506		4		506		1		4

		507		5		507		5		507		0		5

		508		5		508		5		508		0		5

		509		0.3886632527		509		2		509		1		2

		510		1.7773265054		510		5		510		2		5

		511		-1.6113367473		511		0		511		1		0

		512		3.3886632527		512		5		512		1		5

		513		2.3886632527		513		4		513		1		4

		514		2.3886632527		514		4		514		1		4

		515		5		515		5		515		0		5

		516		2		516		2		516		0		2

		517		2		517		2		517		0		2

		518		4.7773265054		518		8		518		2		8

		519		5		519		5		519		0		5

		520		0.3886632527		520		2		520		1		2

		521		0.3886632527		521		2		521		1		2

		522		-0.2226734946		522		3		522		2		3

		523		4.3886632527		523		6		523		1		6

		524		2.7773265054		524		6		524		2		6

		525		2		525		2		525		0		2

		526		0.3886632527		526		2		526		1		2

		527		-3.2226734946		527		0		527		2		0

		528		4		528		4		528		0		4

		529		6.7773265054		529		10		529		2		10

		530		4		530		4		530		0		4

		531		1		531		1		531		0		1

		532		1.3886632527		532		3		532		1		3

		533		-0.2226734946		533		3		533		2		3

		534		0.7773265054		534		4		534		2		4

		535		2		535		2		535		0		2

		536		4		536		4		536		0		4

		537		3.3886632527		537		5		537		1		5

		538		6		538		6		538		0		6

		539		3.3886632527		539		5		539		1		5

		540		1		540		1		540		0		1

		541		3.3886632527		541		5		541		1		5

		542		6		542		6		542		0		6

		543		2.3886632527		543		4		543		1		4

		544		4		544		4		544		0		4

		545		4.3886632527		545		6		545		1		6

		546		3		546		3		546		0		3

		547		3.3886632527		547		5		547		1		5

		548		6		548		6		548		0		6

		549		1.3886632527		549		3		549		1		3

		550		3		550		3		550		0		3

		551		3.3886632527		551		5		551		1		5

		552		3.3886632527		552		5		552		1		5

		553		6		553		6		553		0		6

		554		5		554		5		554		0		5

		555		1.3886632527		555		3		555		1		3

		556		3.3886632527		556		5		556		1		5

		557		3		557		3		557		0		3

		558		-2.2226734946		558		1		558		2		1

		559		4		559		4		559		0		4

		560		9		560		9		560		0		9

		561		4.3886632527		561		6		561		1		6

		562		0.3886632527		562		2		562		1		2

		563		1.7773265054		563		5		563		2		5

		564		2.3886632527		564		4		564		1		4

		565		2.3886632527		565		4		565		1		4

		566		-5.0566837365		566		3		566		5		3

		567		-3.4453469892		567		3		567		4		3

		568		1.7773265054		568		5		568		2		5

		569		-0.4453469892		569		6		569		4		6

		570		7		570		7		570		0		7

		571		-1.8340102419		571		3		571		3		3

		572		2.3886632527		572		4		572		1		4

		573		0.3886632527		573		2		573		1		2

		574		0.7773265054		574		4		574		2		4

		575		2.3886632527		575		4		575		1		4

		576		2		576		2		576		0		2

		577		3		577		3		577		0		3

		578		1.7773265054		578		5		578		2		5

		579		0.7773265054		579		4		579		2		4

		580		3.3886632527		580		5		580		1		5

		581		3		581		3		581		0		3

		582		3.3886632527		582		5		582		1		5

		583		7.3886632527		583		9		583		1		9

		584		3.7773265054		584		7		584		2		7

		585		-0.2226734946		585		3		585		2		3

		586		3.5546530108		586		10		586		4		10

		587		-1.2226734946		587		2		587		2		2

		588		1.7773265054		588		5		588		2		5

		589		-2.8340102419		589		2		589		3		2

		590		3.3886632527		590		5		590		1		5

		591		3		591		3		591		0		3

		592		-2.2226734946		592		1		592		2		1

		593		-0.8340102419		593		4		593		3		4

		594		-3.0566837365		594		5		594		5		5

		595		1.7773265054		595		5		595		2		5

		596		6		596		6		596		0		6

		597		3.3886632527		597		5		597		1		5

		598		4.3886632527		598		6		598		1		6

		599		0.1659897581		599		5		599		3		5

		600		4		600		4		600		0		4

		601		6		601		6		601		0		6

		602		1.7773265054		602		5		602		2		5

		603		-0.2226734946		603		3		603		2		3

		604		5.3886632527		604		7		604		1		7

		605		3		605		3		605		0		3

		606		2.7773265054		606		6		606		2		6

		607		-0.2226734946		607		3		607		2		3

		608		-0.4453469892		608		6		608		4		6

		609		0.1659897581		609		5		609		3		5

		610		1.7773265054		610		5		610		2		5

		611		1.1659897581		611		6		611		3		6

		612		-0.2226734946		612		3		612		2		3

		613		2.3886632527		613		4		613		1		4

		614		2		614		2		614		0		2

		615		-0.2226734946		615		3		615		2		3

		616		5.3886632527		616		7		616		1		7

		617		6.3886632527		617		8		617		1		8

		618		8		618		8		618		0		8

		619		8.3886632527		619		10		619		1		10

		620		6		620		6		620		0		6

		621		-0.8340102419		621		4		621		3		4

		622		2.7773265054		622		6		622		2		6

		623		-4.0566837365		623		4		623		5		4

		624		3.3886632527		624		5		624		1		5

		625		7		625		7		625		0		7

		626		7.3886632527		626		9		626		1		9

		627		0.7773265054		627		4		627		2		4

		628		3.3886632527		628		5		628		1		5

		629		3.1659897581		629		8		629		3		8

		630		4.3886632527		630		6		630		1		6

		631		-2.8340102419		631		2		631		3		2

		632		5.3886632527		632		7		632		1		7

		633		2.1659897581		633		7		633		3		7

		634		3.3886632527		634		5		634		1		5

		635		1.7773265054		635		5		635		2		5

		636		2.3886632527		636		4		636		1		4

		637		0.7773265054		637		4		637		2		4

		638		7.3886632527		638		9		638		1		9

		639		2.7773265054		639		6		639		2		6

		640		-1.6680204838		640		8		640		6		8

		641		3.7773265054		641		7		641		2		7

		642		3.7773265054		642		7		642		2		7

		643		5.3886632527		643		7		643		1		7

		644		5		644		5		644		0		5

		645		-1.6680204838		645		8		645		6		8

		646		-1.0566837365		646		7		646		5		7

		647		0.7773265054		647		4		647		2		4

		648		7		648		7		648		0		7

		649		4.7773265054		649		8		649		2		8

		650		5.3886632527		650		7		650		1		7

		651		6.3886632527		651		8		651		1		8

		652		-0.0566837365		652		8		652		5		8

		653		10		653		10		653		0		10

		654		5.3886632527		654		7		654		1		7

		655		1.3886632527		655		3		655		1		3

		656		0.1659897581		656		5		656		3		5

		657		3.7773265054		657		7		657		2		7

		658		-3.0566837365		658		5		658		5		5

		659		0.7773265054		659		4		659		2		4

		660		-0.0566837365		660		8		660		5		8

		661		5.1659897581		661		10		661		3		10

		662		1.1659897581		662		6		662		3		6

		663		3.1659897581		663		8		663		3		8

		664		3.3886632527		664		5		664		1		5

		665		3		665		3		665		0		3

		666		-0.6680204838		666		9		666		6		9

		667		5.3886632527		667		7		667		1		7

		668		3.7773265054		668		7		668		2		7

		669		-0.4453469892		669		6		669		4		6

		670		6		670		6		670		0		6

		671		-1.4453469892		671		5		671		4		5

		672		3.1659897581		672		8		672		3		8

		673		4.1659897581		673		9		673		3		9

		674		4.5546530108		674		11		674		4		11

		675		0.7773265054		675		4		675		2		4

		676		3.5546530108		676		10		676		4		10

		677		4.9433162635		677		13		677		5		13

		678		-5.4453469892		678		1		678		4		1

		679		6.5546530108		679		13		679		4		13

		680		3.1659897581		680		8		680		3		8

		681		1.9433162635		681		10		681		5		10

		682		5.3886632527		682		7		682		1		7

		683		7.5546530108		683		14		683		4		14

		684		9.3319795162		684		19		684		6		19

		685		2.4979692742		685		17		685		9		17

		686		-6.2793572311		686		5		686		7		5

		687		6.1093060215		687		19		687		8		19

		688		10.1659897581		688		15		688		3		15

		689		-2.0566837365		689		6		689		5		6

		690		3.5546530108		690		10		690		4		10

		691		2.5546530108		691		9		691		4		9

		692		-3.2793572311		692		8		692		7		8

		693		3.5546530108		693		10		693		4		10

		694		8.1659897581		694		13		694		3		13

		695		-8.8906939785		695		4		695		8		4

		696		4.9433162635		696		13		696		5		13

		697		-2.2793572311		697		9		697		7		9

		698		2.3319795162		698		12		698		6		12

		699		2.7206427689		699		14		699		7		14

		700		10.1659897581		700		15		700		3		15

		701		4.9433162635		701		13		701		5		13

		702		-7.3360409677		702		12		702		12		12

		703		1.3319795162		703		11		703		6		11

		704		2.9433162635		704		11		704		5		11

		705		3.3319795162		705		13		705		6		13

		706		7.9433162635		706		16		706		5		16

		707		-2.1133674731		707		14		707		10		14

		708		1.1093060215		708		14		708		8		14

		709		0.7206427689		709		12		709		7		12

		710		6.5546530108		710		13		710		4		13

		711		-7.1133674731		711		9		711		10		9

		712		-1.8906939785		712		11		712		8		11

		713		10.1659897581		713		15		713		3		15

		714		6.3319795162		714		16		714		6		16

		715		8.3319795162		715		18		715		6		18

		716		-8.3360409677		716		11		716		12		11

		717		10.1093060215		717		23		717		8		23

		718		-3.5020307258		718		11		718		9		11

		719		-3.1133674731		719		13		719		10		13

		720		7.1093060215		720		20		720		8		20

		721		6.3319795162		721		16		721		6		16

		722		-1.5020307258		722		13		722		9		13

		723		0.4979692742		723		15		723		9		15

		724		11.3319795162		724		21		724		6		21

		725		4.7206427689		725		16		725		7		16

		726		8.7206427689		726		20		726		7		20

		727		2.4979692742		727		17		727		9		17

		728		-3.1700512096		728		21		728		15		21

		729		7.4412855377		729		30		729		14		30

		730		16.8866325269		730		33		730		10		33

		731		-2.947377715		731		18		731		13		18

		732		-5.5587144623		732		17		732		14		17

		733		-4.2267349461		733		28		733		20		28

		734		7.2752957796		734		25		734		11		25

		735		3.8299487904		735		28		735		15		28

		736		2.052622285		736		23		736		13		23

		737		3.6639590323		737		23		737		12		23

		738		8.1093060215		738		21		738		8		21

		739		-7.7813879569		739		18		739		16		18

		740		2.2186120431		740		28		740		16		28

		741		8.1093060215		741		21		741		8		21

		742		0.6072752958		742		28		742		17		28

		743		-11.2267349461		743		21		743		20		21

		744		1.2186120431		744		27		744		16		27

		745		-0.7813879569		745		25		745		16		25

		746		0.3846018012		746		31		746		19		31

		747		1.052622285		747		22		747		13		22

		748		6.2186120431		748		32		748		16		32

		749		3.8299487904		749		28		749		15		28

		750		1.3279180646		750		40		750		24		40

		751		0.1619283066		751		34		751		21		34

		752		14.3846018012		752		45		752		19		45

		753		-14.3401024192		753		34		753		30		34

		754		5.4939078227		754		49		754		27		49

		755		10.7732650539		755		43		755		20		43

		756		3.7732650539		756		36		756		20		36

		757		8.9392548119		757		46		757		23		46

		758		28.9959385485		758		58		758		18		58

		759		19.7165813173		759		60		759		25		60

		760		-11.4534698923		760		53		760		40		53

		761		28.3279180646		761		67		761		24		67

		762		6.4898463712		762		79		762		45		79

		763		25.157866855		763		88		763		39		88

		764		18.4898463712		764		91		764		45		91

		765		30.1011831185		765		101		765		44		101

		766		24.21048914		766		108		766		52		108

		767		59.7125198658		767		129		767		43		129

		768		25.7084584143		768		124		768		61		124

		769		33.7651421508		769		124		769		56		124

		770		20.8218258873		770		103		770		51		103

		771		24.6517746777		771		131		771		66		131

		772		6.9270704574		772		131		772		77		131

		773		13.4291011831		773		123		773		68		123

		774		17.4857849197		774		119		774		63		119

		775		14.9837541939		775		131		775		72		131

		776		27.8177644358		776		139		776		69		139

		777		-2.0162458061		777		114		777		72		114

		778		8.8177644358		778		120		778		69		120

		779		-7.68426629		779		118		779		78		118

		780		-7.902878333		780		92		780		62		92

		781		-29.0162458061		781		87		781		72		87

		782		2.4857849197		782		104		782		63		104

		783		-32.6802048384		783		64		783		60		64

		784		-0.955500618		784		78		784		49		78

		785		-22.6235211019		785		66		785		55		66

		786		-24.955500618		786		54		786		49		54

		787		-45.4575313438		787		48		787		58		48

		788		-17.2874801342		788		52		788		43		52

		789		-34.5668373654		789		46		789		50		46

		790		-21.2874801342		790		48		790		43		48

		791		-28.6761433869		791		39		791		42		39

		792		-9.1741126611		792		44		792		33		44

		793		-16.9514391665		793		33		793		31		33

		794		-23.4534698923		794		41		794		40		41

		795		1.3279180646		795		40		795		24		40

		796		4.9392548119		796		42		796		23		42

		797		-20.1741126611		797		33		797		33		33

		798		-11.9514391665		798		38		798		31		38

		799		0.5505915592		799		36		799		22		36

		800		0.3279180646		800		39		800		24		39

		801		-30.5627759138		801		21		801		32		21

		802		7.9392548119		802		45		802		23		45

		803		-16.7287656719		803		30		803		29		30

		804		-11.7287656719		804		35		804		29		35

		805		7.9392548119		805		45		805		23		45

		806		-16.7287656719		806		30		806		29		30

		807		-9.0607451881		807		28		807		23		28

		808		9.7732650539		808		42		808		20		42

		809		-15.5060921773		809		28		809		27		28

		810		-10.2834186827		810		30		810		25		30

		811		-0.4494084408		811		35		811		22		35

		812		-4.2267349461		812		28		812		20		28

		813		-12.1174289246		813		33		813		28		33

		814		-3.6153981988		814		27		814		19		27

		815		4.7732650539		815		37		815		20		37

		816		3.052622285		816		24		816		13		24

		817		5.1619283066		817		39		817		21		39

		818		-0.6153981988		818		30		818		19		30

		819		-17.1741126611		819		36		819		33		36

		820		-18.7287656719		820		28		820		29		28

		821		-2.4494084408		821		33		821		22		33

		822		-11.2267349461		822		21		822		20		21

		823		-2.3927247042		823		25		823		17		25

		824		-7.0607451881		824		30		824		23		30

		825		-3.8380716934		825		30		825		21		30

		826		9.9959385485		826		39		826		18		39

		827		-24.5627759138		827		27		827		32		27

		828		-9.6720819354		828		29		828		24		29

		829		5.9959385485		829		35		829		18		35

		830		-11.2267349461		830		21		830		20		21

		831		-19.9514391665		831		30		831		31		30

		832		-6.0040614515		832		23		832		18		23

		833		-9.0607451881		833		28		833		23		28

		834		4.7165813173		834		45		834		25		45

		835		-18.5060921773		835		25		835		27		25

		836		8.4412855377		836		31		836		14		31

		837		-21.9514391665		837		28		837		31		28

		838		-14.2834186827		838		26		838		25		26

		839		-8.6720819354		839		30		839		24		30

		840		-2.4494084408		840		33		840		22		33

		841		-6.89475543		841		35		841		26		35

		842		-0.2834186827		842		40		842		25		40

		843		-1.2267349461		843		31		843		20		31

		844		14.6072752958		844		42		844		17		42

		845		-3.2267349461		845		29		845		20		29

		846		11.2186120431		846		37		846		16		37

		847		4.3846018012		847		35		847		19		35

		848		-16.1174289246		848		29		848		28		29

		849		-2.2834186827		849		38		849		25		38

		850		-0.2267349461		850		32		850		20		32

		851		11.3846018012		851		42		851		19		42

		852		-20.0081229031		852		38		852		36		38

		853		-1.5060921773		853		42		853		27		42

		854		7.6072752958		854		35		854		17		35

		855		-7.7287656719		855		39		855		29		39

		856		12.5505915592		856		48		856		22		48

		857		-8.1174289246		857		37		857		28		37

		858		-4.4494084408		858		31		858		22		31

		859		-0.2267349461		859		32		859		20		32

		860		-2.2834186827		860		38		860		25		38

		861		14.9392548119		861		52		861		23		52

		862		-0.1174289246		862		45		862		28		45

		863		9.10524457		863		51		863		26		51

		864		-21.2307963977		864		40		864		38		40

		865		-16.9514391665		865		33		865		31		33

		866		-1.7287656719		866		45		866		29		45

		867		-18.5627759138		867		33		867		32		33

		868		-11.3401024192		868		37		868		30		37

		869		11.7732650539		869		44		869		20		44

		870		2.4372240862		870		54		870		32		54

		871		-14.1741126611		871		39		871		33		39

		872		-9.5627759138		872		42		872		32		42

		873		-8.3401024192		873		40		873		30		40

		874		-18.3967861557		874		38		874		35		38

		875		-4.7287656719		875		42		875		29		42

		876		10.1619283066		876		44		876		21		44

		877		7.1619283066		877		41		877		21		41

		878		-8.5060921773		878		35		878		27		35

		879		15.1619283066		879		49		879		21		49

		880		5.9959385485		880		35		880		18		35

		881		-22.3401024192		881		26		881		30		26

		882		10.3846018012		882		41		882		19		41

		883		-10.0607451881		883		27		883		23		27

		884		-8.1174289246		884		37		884		28		37

		885		-15.1174289246		885		30		885		28		30

		886		8.5505915592		886		44		886		22		44

		887		10.3846018012		887		41		887		19		41

		888		-5.6720819354		888		33		888		24		33

		889		15.2752957796		889		33		889		11		33

		890		2.5505915592		890		38		890		22		38

		891		12.8866325269		891		29		891		10		29

		892		-3.89475543		892		38		892		26		38

		893		-6.0607451881		893		31		893		23		31

		894		2.9959385485		894		32		894		18		32

		895		-0.3927247042		895		27		895		17		27

		896		-2.2267349461		896		30		896		20		30

		897		9.2186120431		897		35		897		16		35

		898		-13.1174289246		898		32		898		28		32

		899		-5.7813879569		899		20		899		16		20

		900		2.3846018012		900		33		900		19		33

		901		8.9959385485		901		38		901		18		38

		902		3.2186120431		902		29		902		16		29

		903		12.2752957796		903		30		903		11		30

		904		10.8299487904		904		35		904		15		35

		905		6.6639590323		905		26		905		12		26

		906		6.052622285		906		27		906		13		27

		907		13.8866325269		907		30		907		10		30

		908		2.4412855377		908		25		908		14		25

		909		5.2752957796		909		23		909		11		23

		910		6.6639590323		910		26		910		12		26

		911		-8.3927247042		911		19		911		17		19

		912		-1.3360409677		912		18		912		12		18

		913		-4.7813879569		913		21		913		16		21

		914		-0.5587144623		914		22		914		14		22

		915		-7.3927247042		915		20		915		17		20

		916		-4.5587144623		916		18		916		14		18

		917		-1.947377715		917		19		917		13		19

		918		-4.5587144623		918		18		918		14		18

		919		5.8866325269		919		22		919		10		22

		920		7.3319795162		920		17		920		6		17

		921		-2.1133674731		921		14		921		10		14

		922		1.7206427689		922		13		922		7		13

		923		-2.7247042204		923		15		923		11		15

		924		5.7206427689		924		17		924		7		17

		925		-2.1133674731		925		14		925		10		14

		926		7.4979692742		926		22		926		9		22

		927		9.3319795162		927		19		927		6		19

		928		-1.5020307258		928		13		928		9		13

		929		-2.2793572311		929		9		929		7		9

		930		7.5546530108		930		14		930		4		14

		931		4.1659897581		931		9		931		3		9

		932		9.1659897581		932		14		932		3		14

		933		7.3319795162		933		17		933		6		17

		934		5.5546530108		934		12		934		4		12

		935		7.9433162635		935		16		935		5		16

		936		-0.1133674731		936		16		936		10		16

		937		-8.947377715		937		12		937		13		12

		938		1.4979692742		938		16		938		9		16

		939		-0.5020307258		939		14		939		9		14

		940		-2.0566837365		940		6		940		5		6

		941		-0.0566837365		941		8		941		5		8

		942		-3.8906939785		942		9		942		8		9

		943		0.9433162635		943		9		943		5		9

		944		-3.2793572311		944		8		944		7		8

		945		9.1659897581		945		14		945		3		14

		946		1.9433162635		946		10		946		5		10

		947		-6.1133674731		947		10		947		10		10

		948		8		948		8		948		0		8

		949		5.3886632527		949		7		949		1		7

		950		1.9433162635		950		10		950		5		10

		951		4.3886632527		951		6		951		1		6

		952		-0.2226734946		952		3		952		2		3

		953		-2.4453469892		953		4		953		4		4

		954		3.7773265054		954		7		954		2		7

		955		-1.0566837365		955		7		955		5		7

		956		3.3886632527		956		5		956		1		5

		957		0.3886632527		957		2		957		1		2

		958		1		958		1		958		0		1

		959		3		959		3		959		0		3

		960		-1.2226734946		960		2		960		2		2

		961		-4.8340102419		961		0		961		3		0

		962		2		962		2		962		0		2
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		582

		583

		584

		585

		586

		587

		588

		589

		590

		591

		592

		593

		594

		595

		596

		597

		598

		599

		600

		601

		602

		603

		604

		605

		606

		607

		608

		609

		610

		611

		612

		613

		614

		615

		616

		617

		618

		619

		620

		621

		622

		623

		624

		625

		626

		627

		628

		629

		630

		631

		632

		633

		634

		635

		636

		637

		638

		639

		640

		641

		642

		643

		644

		645

		646

		647

		648

		649

		650

		651

		652

		653

		654

		655

		656

		657

		658

		659

		660

		661

		662

		663

		664

		665

		666

		667

		668

		669

		670

		671

		672

		673

		674

		675

		676

		677

		678

		679

		680

		681

		682

		683

		684

		685

		686

		687

		688

		689

		690

		691

		692

		693

		694

		695

		696

		697

		698

		699

		700

		701

		702

		703

		704

		705

		706

		707

		708

		709

		710

		711

		712

		713

		714

		715

		716

		717

		718

		719

		720

		721

		722

		723

		724

		725

		726

		727

		728

		729

		730

		731

		732

		733

		734

		735

		736

		737

		738

		739

		740

		741

		742

		743

		744

		745

		746

		747

		748

		749

		750

		751

		752

		753

		754

		755

		756

		757

		758

		759

		760

		761

		762

		763

		764

		765

		766

		767

		768

		769

		770

		771

		772

		773

		774

		775

		776

		777

		778

		779

		780

		781

		782

		783

		784

		785

		786

		787

		788

		789

		790

		791

		792

		793

		794

		795

		796

		797

		798

		799

		800

		801

		802

		803

		804

		805

		806

		807

		808

		809

		810

		811

		812

		813

		814

		815

		816

		817

		818

		819

		820

		821

		822

		823

		824

		825

		826

		827

		828

		829

		830

		831

		832

		833

		834

		835

		836

		837

		838

		839

		840

		841

		842

		843

		844

		845

		846

		847

		848

		849

		850

		851

		852

		853

		854

		855

		856

		857

		858

		859

		860

		861

		862

		863

		864

		865

		866

		867

		868

		869

		870

		871

		872

		873

		874

		875

		876

		877

		878

		879

		880

		881

		882

		883

		884

		885

		886

		887

		888

		889

		890

		891

		892

		893

		894

		895

		896

		897

		898

		899

		900

		901

		902

		903

		904

		905

		906

		907

		908

		909

		910

		911

		912

		913

		914

		915

		916

		917

		918

		919

		920

		921

		922

		923

		924

		925

		926

		927

		928

		929

		930

		931

		932

		933

		934

		935

		936

		937

		938

		939

		940

		941

		942

		943

		944

		945

		946

		947

		948

		949

		950

		951

		952

		953

		954

		955

		956

		957

		958

		959

		960

		961

		962

		963

		964

		965

		966

		967

		968

		969

		970

		971

		972

		973

		974

		975

		976

		977

		978

		979

		980

		981

		982

		983

		984

		985

		986

		987

		988

		989

		990

		991

		992

		993

		994

		995

		996

		997

		998

		999

		1000

		1001

		1002

		1003

		1004

		1005

		1006

		1007

		1008

		1009

		1010

		1011

		1012

		1013

		1014

		1015

		1016

		1017

		1018

		1019

		1020

		1021

		1022

		1023



Channel Number

Counts

PCS PULSE HEIGHT SPECTRUM (149)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

91

114

118

99

100

123

114

84

99

106

102

88

111

97

108

89

92

100

92

92

92

110

114

140

113

132

117

121

128

134

114

128

129

139

146

145

170

173

157

164

160

165

163

155

155

170

164

169

179

180

161

215

170

177

193

203

193

188

178

208

189

209

205

176

189

209

191

183

173

199

191

203

199

201

182

194

189

217

197

201

173

189

175

179

180

198

165

174

181

177

172

184

171

184

173

161

199

175

159

184

157

172

164

161

149

160

157

131

155

156

151

151

147

144

149

153

139

140

141

136

144

152

133

148

139

147

127

153

156

163

126

128

167

148

123

126

110

146

148

132

163

143

118

138

137

139

108

119

125

125

140

125

114

129

123

137

121

106

135

140

110

112

123

125

112

128

89

117

121

129

127

119

108

103

119

113

105

115

96

118

106

96

90

109

123

97

114

117

103

103

104

104

110

120

88

106

123

84

98

99

93

104

89

114

94

126

92

117

109

115

88

102

85

110

97

82

90

89

103

101

111

108

86

100

85

104

75

95

105

94

90

100

91

95

92

79

75

70

86

91

102

82

86

91

74

97

88

100

87

87

85

103

102

102

88

90

90

71

88

85

84

103

92

71

79

78

100

95

90

93

89

78

67

90

71

86

116

86

69

88

80

88

84

83

99

83

81

73

91

88

79

75

68

96

81

88

78

81

78

71

72

90

89

72

86

75

84

77

91

80

76

68

77

92

89

92

71

82

63

93

78

83

93

71

73

79

69

79

84

71

86

91

85

75

77

69

78

75

70

78

65

77

76

73

72

58

72

63

74

63

63

65

85

72

71

64

89

82

78

84

70

67

73

85

56

69

74

71

85

83

72

72

72

72

60

66

67

80

75

91

82

76

59

77

65

75

74

75

83

63

80

89

66

74

65

77

76

75

81

68

62

71

75

57

73

67

80

70

71

56

67

68

90

62

60

84

88

69

75

74

80

51

57

83

69

75

77

85

68

70

70

62

60

84

62

53

53

56

61

78

65

81

81

67

61

72

63

66

64

58

73

68

64

62

70

60

55

69

65

63

68

63

63

89

71

64

65

53

68

64

71

74

73

64

58

72

61

65

60

61

83

64

86

68

74

72

77

82

78

67

74

61

70

56

53

63

79

60

57

72

79

70

65

61

83

70

68

64

61

80

60

62

75

63

59

63

71

71

64

67

83

71

66

74

71

70

57

58

70

67

58

76

68

77

67

70

79

72

82

68

72

86

71

66

70

59

72

77

76

75

70

57

79

54

64

60

79

64

83

80

65

78

82

92

77

79

67

74

62

67

57

64

80

89

73

88

83

69

74

72

94

64

91

85

74

77

79

86

75

81

77

77

99

73

73

89

79

73

83

69

79

82

87

76

71

85

88

101

83

86

68

81

86

68

87

79

89

85

73

89

93

101

103

94

88

89

92

97

83

83

92

98

94

110

91

107

81

107

98

98

103

97

98

99

124

107

104

89

86

103

100

100

102

105

139

113

121

116

103

102

115

128

128

126

120

108

126

132

135

128

130

144

127

134

116

152

122

141

142

157

147

160

155

145

144

147

167

167

173

181

193

164

193

189

149

193

165

198

197

197

182

186

213

200

227

207

233

218

222

204

249

235

231

257

250

255

277

247

265

293

245

254

288

307

288

294

315

331

316

347

333

363

360

377

410

398

446

466

488

480

563

568

641

762

840

959

1011

1169

1294

1348

1517

1709

1765

1757

1954

2009

1981

2006

1912

1864

1726

1576

1484

1369

1227

1117

1041

935

832

787

674

686

641

607

519

508

527

509

485

445

478

417

451

436

430

437

421

455

452

433

446

438

446

432

432

414

415

432

430

427

426

407

395

444

360

363

417

368

402

320

400

387

386

366

402

357

335

353

355

376

382

358

333

335

312

340

363

362

354

383

337

358

360

366

365

346

358

359

378

394

402

409

379

420

444

400

440

415

424

463

500

491

479

485

463

537

512

515

517

533

523

553

491

570

517

578

573

542

582

559

613

560

521

544

567

551

533

511

495

530

502

513

482

492

491

439

422

418

402

432

420

378

416

382

401

397

353

373

348

325

337

315

344

349

320

308

307

305

316

315

285

304

296

272

269

252

264

261

269

240

218

224

222

197

182

183

176

155

150

136

119

117

94

85

65

72

62

43

37

40

44

26

27

22

19

15

9

11

4

6

3

6

3

4

3

2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



PCA_149

		0		0

		1		0

		2		0

		3		0

		4		0

		5		0

		6		0

		7		0

		8		0

		9		0

		10		0

		11		0

		12		0

		13		0

		14		0

		15		0

		16		0

		17		0

		18		0

		19		0

		20		0

		21		91

		22		114

		23		118

		24		99

		25		100

		26		123

		27		114

		28		84

		29		99

		30		106

		31		102

		32		88

		33		111

		34		97

		35		108

		36		89

		37		92

		38		100

		39		92

		40		92

		41		92

		42		110

		43		114

		44		140

		45		113

		46		132

		47		117

		48		121

		49		128

		50		134

		51		114

		52		128

		53		129

		54		139

		55		146

		56		145

		57		170

		58		173

		59		157

		60		164

		61		160

		62		165

		63		163

		64		155

		65		155

		66		170

		67		164

		68		169

		69		179

		70		180

		71		161

		72		215

		73		170

		74		177

		75		193

		76		203

		77		193

		78		188

		79		178

		80		208

		81		189

		82		209

		83		205

		84		176

		85		189

		86		209

		87		191

		88		183

		89		173

		90		199

		91		191

		92		203

		93		199

		94		201

		95		182

		96		194

		97		189

		98		217

		99		197

		100		201

		101		173

		102		189

		103		175

		104		179

		105		180

		106		198

		107		165

		108		174

		109		181

		110		177

		111		172

		112		184

		113		171

		114		184

		115		173

		116		161

		117		199

		118		175

		119		159

		120		184

		121		157

		122		172

		123		164

		124		161

		125		149

		126		160

		127		157

		128		131

		129		155

		130		156

		131		151

		132		151

		133		147

		134		144

		135		149

		136		153

		137		139

		138		140

		139		141

		140		136

		141		144

		142		152

		143		133

		144		148

		145		139

		146		147

		147		127

		148		153

		149		156

		150		163

		151		126

		152		128

		153		167

		154		148

		155		123

		156		126

		157		110

		158		146

		159		148

		160		132

		161		163

		162		143

		163		118

		164		138

		165		137

		166		139

		167		108

		168		119

		169		125

		170		125

		171		140

		172		125

		173		114

		174		129

		175		123

		176		137

		177		121

		178		106

		179		135

		180		140

		181		110

		182		112

		183		123

		184		125

		185		112

		186		128

		187		89

		188		117

		189		121

		190		129

		191		127

		192		119

		193		108

		194		103

		195		119

		196		113

		197		105

		198		115

		199		96

		200		118

		201		106

		202		96

		203		90

		204		109

		205		123

		206		97

		207		114

		208		117

		209		103

		210		103

		211		104

		212		104

		213		110

		214		120

		215		88

		216		106

		217		123

		218		84

		219		98

		220		99

		221		93

		222		104

		223		89

		224		114

		225		94

		226		126

		227		92

		228		117

		229		109

		230		115

		231		88

		232		102

		233		85

		234		110

		235		97

		236		82

		237		90

		238		89

		239		103

		240		101

		241		111

		242		108

		243		86

		244		100

		245		85

		246		104

		247		75

		248		95

		249		105

		250		94

		251		90

		252		100

		253		91

		254		95

		255		92

		256		79

		257		75

		258		70

		259		86

		260		91

		261		102

		262		82

		263		86

		264		91

		265		74

		266		97

		267		88

		268		100

		269		87

		270		87

		271		85

		272		103

		273		102

		274		102

		275		88

		276		90

		277		90

		278		71

		279		88

		280		85

		281		84

		282		103

		283		92

		284		71

		285		79

		286		78

		287		100

		288		95

		289		90

		290		93

		291		89

		292		78

		293		67

		294		90

		295		71

		296		86

		297		116

		298		86

		299		69

		300		88

		301		80

		302		88

		303		84

		304		83

		305		99

		306		83

		307		81

		308		73

		309		91

		310		88

		311		79

		312		75

		313		68

		314		96

		315		81

		316		88

		317		78

		318		81

		319		78

		320		71

		321		72

		322		90

		323		89

		324		72

		325		86

		326		75

		327		84

		328		77

		329		91

		330		80

		331		76

		332		68

		333		77

		334		92

		335		89

		336		92

		337		71

		338		82

		339		63

		340		93

		341		78

		342		83

		343		93

		344		71

		345		73

		346		79

		347		69

		348		79

		349		84

		350		71

		351		86

		352		91

		353		85

		354		75

		355		77

		356		69

		357		78

		358		75

		359		70

		360		78

		361		65

		362		77

		363		76

		364		73

		365		72

		366		58

		367		72

		368		63

		369		74

		370		63

		371		63

		372		65

		373		85

		374		72

		375		71

		376		64

		377		89

		378		82

		379		78

		380		84

		381		70

		382		67

		383		73

		384		85

		385		56

		386		69

		387		74

		388		71

		389		85

		390		83

		391		72

		392		72

		393		72

		394		72

		395		60

		396		66

		397		67

		398		80

		399		75

		400		91

		401		82

		402		76

		403		59

		404		77

		405		65

		406		75

		407		74

		408		75

		409		83

		410		63

		411		80

		412		89

		413		66

		414		74

		415		65

		416		77

		417		76

		418		75

		419		81

		420		68

		421		62

		422		71

		423		75

		424		57

		425		73

		426		67

		427		80

		428		70

		429		71

		430		56

		431		67

		432		68

		433		90

		434		62

		435		60

		436		84

		437		88

		438		69

		439		75

		440		74

		441		80

		442		51

		443		57

		444		83

		445		69

		446		75

		447		77

		448		85

		449		68

		450		70

		451		70

		452		62

		453		60

		454		84

		455		62

		456		53

		457		53

		458		56

		459		61

		460		78

		461		65

		462		81

		463		81

		464		67

		465		61

		466		72

		467		63

		468		66

		469		64

		470		58

		471		73

		472		68

		473		64

		474		62

		475		70

		476		60

		477		55

		478		69

		479		65

		480		63

		481		68

		482		63

		483		63

		484		89

		485		71

		486		64

		487		65

		488		53

		489		68

		490		64

		491		71

		492		74

		493		73

		494		64

		495		58

		496		72

		497		61

		498		65

		499		60

		500		61

		501		83

		502		64

		503		86

		504		68

		505		74

		506		72

		507		77

		508		82

		509		78

		510		67

		511		74

		512		61

		513		70

		514		56

		515		53

		516		63

		517		79

		518		60

		519		57

		520		72

		521		79

		522		70

		523		65

		524		61

		525		83

		526		70

		527		68

		528		64

		529		61

		530		80

		531		60

		532		62

		533		75

		534		63

		535		59

		536		63

		537		71

		538		71

		539		64

		540		67

		541		83

		542		71

		543		66

		544		74

		545		71

		546		70

		547		57

		548		58

		549		70

		550		67

		551		58

		552		76

		553		68

		554		77

		555		67

		556		70

		557		79

		558		72
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