THIS REPLACES ENTIRELY SECTION STARTING "Sealed-tube design" near the start of document #2(....Design Status)

Sealed-tube Design

The tube in this design has been developed by HYTEC, Inc
 under direct contract from the US Department of Energy.  The tube is a resin-sealed carbon-carbon (C-C) tube developed by Hytec, Inc
 and illustrated in Figure 3.  It is attached to the faceplates with a rigid epoxy (right inset of fig. 3) and there is no material other than the tube between the faceplates. There is a very good match of coefficients of thermal expansion between the carbon-carbon tube and the carbon-carbon faceplates.
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Figure 3. Left inset is photograph of a completed sector with a carbon-carbon sealed tube.  The right inset illustrates the C-C tube bonded to the first faceplate, an initial step in the assembly process.

To date 11 sectors have been built, 2 development sectors and 9 sectors with silicon wafers etched with platinum resistors as shown in Fig. 3.  Lawrence Berkeley National Laboratory fabricates the resistive heaters as a replacement to the actual pixel detector. They quite realistically simulate the local heating from the individual detectors.  

HYTEC is conducting a series of thermal, stability, and pressure tests on each sector.  Table 1 lists the status of the sector testing.  For clarification, thermal tests are performed at both room temperature and at –15 (C inlet coolant temperature.  The cold tests simulate the actual detector performance conditions and this condition is essential for conducting a stability test.  Not all sectors are tested at –15 (C, however, all sectors will be thermally tested with room temperature coolant. This test is conducted to validate thermal performance of each sector.  Sector stability is recorded with a real-time holography system, PRISM, at HYTEC, for both cold and room temperature inlet conditions.   Leak and elevated pressure tests are to be performed on all sectors.  Elevated pressure testing on each sector comprises 10 cycles at 4 bar and a 10 bar proof test.  Exploratory high pressure tests were performed on units 3 and 4, were cycling up 150 times at 5 bar was performed.  Mechanical strain data was recorded holographically throughout the pressure cycling.

 Four sectors have been thermally tested with a methanol and water solution, as well as pure water. The methanol/water coolant is used to evaluate thermal performance at -15(C, the chosen inlet temperature for confirmation of thermal performance.  

HYTEC is preparing to evaluate the thermal and stability performance of a dual sector arrangement with evaporative coolant, C4F10.  This test is intended to demonstrate that no stability differences exist between a liquid and evaporative coolant system.  It is believed that the stability, quantified by out-of-plane thermal strains, is entirely governed by the change from room temperature conditions to the sub-cooled operating state. 

Table 1.  List of HYTEC Sector Configuration and Status

Sector Unit #
Tube wall
Status
Weight
-g

1
single
Development unit
n/a

2
single
Development unit
n/a

3
single
Thermal, stability, and pressure
21.02


4
double
Thermal, stability, and pressure
23.842

5
single
Pressure
21.632

6
single
Thermal, stability, and pressure
19.17


7
single
Pressure  
17.53

8
single
Pressure
17.932

9
double
Available for testing
21.253

10
double
Available for testing
21.013

11
double
Available for testing
20.323

12
double
Tube becomes available 5/26/00


13
double
Tube becomes available 5/26/00


14
double
Tube becomes available 5/26/00


15
double
Tube becomes available 5/26/00


16
double
Tube becomes available 5/26/00


The thermal structure depicted in Fig. 3 utilizes high thermal conductivity facings, which are 0.5mm thick carbon-carbon, produced from a balanced 2D woven fabric of K321 fibers.  The facings were lightly sanded to a 0.5mm thickness, after being carbonized and infiltrated with carbon (CVD). As carbonizing and heat-treatment, the facings are 0.7 mm thick. 

Initially, the tubes were configured to be a 3.2mm ID carbon tube with a wall thickness of 0.25 mm.  The C-C tube wall comprised a matrix of carbonized phenolic resin, and a single layer of T300 carbon fibers.  The tube was sealed with an overcoat of EPON815C resin. The mass
 for the sector with a 0.25 mm wall (unit #3) was 19.5 gm, with the C-C facings comprising 64% of the mass.  The aluminum tube fittings are not included in the mass since they will be ultimately replaced with C-C or graphite tube extensions.

In more recent sectors (Table 1), the coolant tube wall thickness was increased by a factor of two (unit #4).  The wall thickness was increased primarily for added strength, but also to increase the surface area for heat conduction into the coolant fluid.  The increased wall thickness was accomplished by using two layers of carbon fibers, as opposed to a single layer (unit #3).  This change amounted to using two layers of the woven sock (braided fibers), and outer and inner layer. The combined woven sock layers were then impregnated with phenolic resin and carbonized.  The same tooling was used in the processing the double and single fiber-layer tubes; hence, the thicker walled-tube developed a flatter appearance.  Throughout the various processing steps, and subsequent tube sealing process, the robustness of the thicker-walled tube was quite evident.  The tube weight increased from nominally 2.8 to 5.8gms.  This change, if adopted would increase the radiation length of the tube contribution in the active pixel detector area from 0.11 to 0.22%.  

THIS SECTION BELOW  GOES JUST BEFORE "AFTER THERMAL CYCLING" UNDER THE "THERMAL PERFORMANCE" SECTION.

HYTEC Thermal Tests

HYTEC component sector thermal tests are conducted in a dual-sector arrangement shown in Fig. 4.  RTD recordings of the temperature rise from power off to power on were made at 6 points on the thermal structure.  Temperature rise is measured with respect to coolant inlet temperature, which remained constant at room temperature throughout the test. 
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Figure  3.6  Close-up of the dual thermal structure test arrangement with partial view of coolant manifold.

For sector unit #4, the points of highest temperature rise above inlet coolant temperature are T0 (10.7(C) and T3 (9.3(C). They are located in the extreme lower corners of the facing overhang.  In this location, heat must be conducted nominally 15mm before encountering a cooled zone.  The overhang is like a fin being subjected to a constant heat flux.  The thin facing material provides the primary path for heat conduction. Since the heat flux is constant in this region, the resulting temperature drop is very sensitive to the path length, a L2 effect
.   The 15mm distance is somewhat greater than anticipated due to the tube Triple U-pattern not matching the intended path exactly.  Part of this problem is shrinkage caused by the tube carbonization cycle.  HYTEC has plans to reconfigure the tube path for follow-on sector construction.  

The other temperature differentials recorded for front and back faces of the thermal structure are within a spread of 1.8(C, which is good.  This grouping of temperatures corresponds to a larger 3.2(C spread measured on early development units, with a -15(C inlet. 

The highest surface temperature rise point on the body of unit #4 is 7.2(C.  This differential implies that in the HYTEC sector one should anticipate a surface temperature no warmer than nominally –7.0(C with a -15(C inlet condition; a small allowance is made for thermal boundary layer effects in the more viscous fluid.  


[image: image3.wmf]0

2

4

6

8

10

12

0

50

100

150

200

250

Time (seconds)

Temperature Rise (degC)

Sector #4

T

0

T

3

T

4

T

1

T

5

T

2

T

15

T

14


Figure 4.  Thermal test results for unit #4, which is constructed with a carbon-carbon coolant tube with two layers of carbon fibers.  Power input is 36W and coolant flow rate is 9cc/sec with an inlet water temperature of 25(C.  Peak temperature occurs at the outermost point of the facing overhang, both front and back facings.  Silicon wafer heating is approximately 15mm from the corner of the cooling tube in this region.  Temperatures T2, and T5 are recordings on the body of the sector adjacent to the silicon wafers, whereas T1 and T5 are located on the silicon wafer.


HYTEC has performed thermal tests as a function of power for unit #4, using room temperature coolant.  The temperature difference between surface recordings and the inlet bulk temperature are a linear function of power.  This characteristic is consistent with expectations.
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Figure 5. Thermal test of unit #4 as function of power at 20 cc/sec of room temperature water.  RTD T0 is a display of the maximum temperature at the lower corner of the sector.

THE SECTION BELOW GOES UNDER THE SECTION STABILITY PERFORMANCE UNDER THE SUBSECTION "PRESSURE EFFECTS"

HYTEC Pressure Tests

Pressure tests were performed on HYTEC unit #4 (Fig. 7), using the setup shown in Fig. 6.  Thermal stability is quantified by establishing the structure shape change with internal pressure using TV Holography (PRISM)
. 

The distortion observed for HYTEC unit #4 is quite low, 1.2 (m at 5 bar and 2.9 (m at 10 bar.  The low distortions are attributed to the high stiffness achieved by direct bonding of the carbon-carbon. 
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Figure 5.  Photograph of HYTEC sector pressure test setup.  Inlet tube at upper right is open to pressure source.  Exit tube at the left is sealed to prevent flow during the test.
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Figure 6. TVH results of pressure test with HYTEC unit #4.  Left view illustrates fringe pattern for applied pressure differential of 5 bar.  Right view illustrates pressure differential of 10 bar.  Distortion from applied pressure amounts to 1.2 micron and 2.9 micron at 5 and 10 bar respectively. 

THE MATERIAL BELOW GOES IN THE SUBSECTION "THERMAL EFFECTS" IN THE SECTION "STABILITY PERFORMANCE"

HYTEC Stability Tests
An evaluation was made of the thermal stability of the dual thermal structure arrangement.  The objective of this test is to quantify the thermal stability of the sandwich structure and to assess the potential impact on the stability from the coolant manifold.  

.  A stability sensitivity coefficient, (m/(C, is determined through several steps.  First, the change in shape is recorded from power off to power on.  This step change effectively produces a thermal gradient throughout the structure. The temperature distribution causes a corresponding dimensional change, reflected by out-of-plane motions of the surface. 

As a further step in this process, in a power off condition, the thermal structure temperature is decreased gradually by circulating coolant.  At various temperature plateaus, the shape change is recorded.  For this test the temperature gradient through the thermal structure thickness is nominally zero, only the structure temperature ideally changes uniformly.  This test condition simulates cooling the structure from room temperature to -15(C, the initial setting before power to the pixel detector is turned on.

In the final step, power is turned on with the structure at -15(C.  A total shape change from room temperature to a powered operating state is then recovered from a series of recordings.  It is desired that the aggregate of these thermal shape changes, when combined with shape changes from coolant pressure, be less than 40 (m.

An initial holography test of the dual thermal structure is complete.  A test from power-off to power-on at 18W per sector was performed at room temperature.  The shape change is shown in Fig. 7.  It difficult to discern the 1mm gap between structures, since the fringes of one sector blends with the other.  A fringe count (1 fringe ~0.26 (m) reveals a peak distortion of 1.3(m in Sector #4 and 1.56(m in Sector #3.  The peak distortions occur in the lower corners of the facing overhangs.  The sector facings, exclusive of overhangs distort somewhat less.  These results extrapolated to a 50W condition, suggest the sectors would distort 3.6 and 4.3 (m respectively.  

Sensitivity coefficients, based on the peak temperatures and peak displacements, for Sectors #3 and Sector #4 are 0.39(m/(C and 0.26(m/(C respectively.  A rough extrapolation to a condition of cooling the sectors from room temperature to -15(C (no power) would suggest a shape change of 15.6(m and 10.4(m for Sectors #3 and #4 respectively.  Further testing is planned to see to what extent these changes are additive.  For the moment, we assume a worst-case total distortion of 17.2(m and 13(m for Sector #3 and #4 respectively.
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Figure 7 Phase map of fringe pattern illustrating out-of-plane distortions from power off to power on condition.  Power state of 18W, with room temperature coolant at 9cc/sec.

THE SECTION BELOW GOES UNDER THE SECTION WORK PLAN->DISK SECTORS

HYTEC Future Plans


A composite ring is under construction by HYTEC for testing a full complement of 12 sectors, in a disk configuration typical of the ATLAS Pixel Detector.  Thermal stability of both the individual ring and a complement of 12 sectors assembled onto the ring will be evaluated for temperature conditions simulating the detector application.  In addition to these system tests, HYTEC intends to construct several sectors with 0.4 mm facings with the objective of reducing the amount of support material.  These sectors will be subjected to the full standard evaluation tests.
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� Weight without aluminum tube connections


� Carbon-carbon mounting bushings


� PEEK mounting bushings


� This mass may be trimmed further by decreasing the facing thickness slightly.  Our first thermal structure mass was 25.5 gm.


� � EMBED Equation.3  ���, where for� EMBED Equation.3  ���, q is the heat flux, L the distance, k material conductivity, and t the material thickness. 


� W.O. Miller, “Ultra-Lightweight Carbon-Carbon Cooling Structure for Pixel and Silicon Strip Detectors”, Phase II SBIR Progress Report, HYTEC-TN-DOE/SBIR-03, June 16, 1999 through December 16, 1999, Department of Energy Research Grant DE-FG03-97ER82397





� HYTEC, Inc, 110 Eastgate Dr., Los Alamos NM 87544.


� HYTEC-TN-DOE/SBIR-04, January 2000.
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		135.01		135.01		135.01		135.01		135.01		135.01		135.01		135.01

		136.01		136.01		136.01		136.01		136.01		136.01		136.01		136.01

		137.02		137.02		137.02		137.02		137.02		137.02		137.02		137.02

		138.02		138.02		138.02		138.02		138.02		138.02		138.02		138.02

		139.01		139.01		139.01		139.01		139.01		139.01		139.01		139.01

		140.01		140.01		140.01		140.01		140.01		140.01		140.01		140.01

		141.01		141.01		141.01		141.01		141.01		141.01		141.01		141.01

		142.01		142.01		142.01		142.01		142.01		142.01		142.01		142.01

		143.01		143.01		143.01		143.01		143.01		143.01		143.01		143.01

		144.02		144.02		144.02		144.02		144.02		144.02		144.02		144.02

		145.02		145.02		145.02		145.02		145.02		145.02		145.02		145.02

		146.02		146.02		146.02		146.02		146.02		146.02		146.02		146.02

		147.01		147.01		147.01		147.01		147.01		147.01		147.01		147.01

		148.01		148.01		148.01		148.01		148.01		148.01		148.01		148.01

		149.01		149.01		149.01		149.01		149.01		149.01		149.01		149.01

		150.01		150.01		150.01		150.01		150.01		150.01		150.01		150.01

		151.02		151.02		151.02		151.02		151.02		151.02		151.02		151.02

		152.02		152.02		152.02		152.02		152.02		152.02		152.02		152.02

		153.02		153.02		153.02		153.02		153.02		153.02		153.02		153.02

		154.02		154.02		154.02		154.02		154.02		154.02		154.02		154.02

		155.01		155.01		155.01		155.01		155.01		155.01		155.01		155.01

		156.01		156.01		156.01		156.01		156.01		156.01		156.01		156.01

		157.01		157.01		157.01		157.01		157.01		157.01		157.01		157.01

		158.02		158.02		158.02		158.02		158.02		158.02		158.02		158.02

		159.02		159.02		159.02		159.02		159.02		159.02		159.02		159.02

		160.02		160.02		160.02		160.02		160.02		160.02		160.02		160.02

		161.02		161.02		161.02		161.02		161.02		161.02		161.02		161.02

		162.02		162.02		162.02		162.02		162.02		162.02		162.02		162.02

		163.01		163.01		163.01		163.01		163.01		163.01		163.01		163.01

		164.01		164.01		164.01		164.01		164.01		164.01		164.01		164.01

		165.02		165.02		165.02		165.02		165.02		165.02		165.02		165.02

		166.02		166.02		166.02		166.02		166.02		166.02		166.02		166.02

		167.02		167.02		167.02		167.02		167.02		167.02		167.02		167.02

		168.02		168.02		168.02		168.02		168.02		168.02		168.02		168.02

		169.02		169.02		169.02		169.02		169.02		169.02		169.02		169.02

		170.02		170.02		170.02		170.02		170.02		170.02		170.02		170.02

		171.01		171.01		171.01		171.01		171.01		171.01		171.01		171.01

		172.02		172.02		172.02		172.02		172.02		172.02		172.02		172.02

		173.02		173.02		173.02		173.02		173.02		173.02		173.02		173.02

		174.02		174.02		174.02		174.02		174.02		174.02		174.02		174.02

		175.02		175.02		175.02		175.02		175.02		175.02		175.02		175.02

		176.02		176.02		176.02		176.02		176.02		176.02		176.02		176.02

		177.02		177.02		177.02		177.02		177.02		177.02		177.02		177.02

		178.02		178.02		178.02		178.02		178.02		178.02		178.02		178.02

		179.02		179.02		179.02		179.02		179.02		179.02		179.02		179.02

		180.02		180.02		180.02		180.02		180.02		180.02		180.02		180.02

		181.02		181.02		181.02		181.02		181.02		181.02		181.02		181.02

		182.02		182.02		182.02		182.02		182.02		182.02		182.02		182.02

		183.02		183.02		183.02		183.02		183.02		183.02		183.02		183.02

		184.02		184.02		184.02		184.02		184.02		184.02		184.02		184.02

		185.02		185.02		185.02		185.02		185.02		185.02		185.02		185.02

		186.02		186.02		186.02		186.02		186.02		186.02		186.02		186.02

		187.02		187.02		187.02		187.02		187.02		187.02		187.02		187.02

		188.02		188.02		188.02		188.02		188.02		188.02		188.02		188.02

		189.02		189.02		189.02		189.02		189.02		189.02		189.02		189.02

		190.02		190.02		190.02		190.02		190.02		190.02		190.02		190.02

		191.02		191.02		191.02		191.02		191.02		191.02		191.02		191.02

		192.02		192.02		192.02		192.02		192.02		192.02		192.02		192.02

		193.03		193.03		193.03		193.03		193.03		193.03		193.03		193.03

		194.02		194.02		194.02		194.02		194.02		194.02		194.02		194.02

		195.02		195.02		195.02		195.02		195.02		195.02		195.02		195.02

		196.02		196.02		196.02		196.02		196.02		196.02		196.02		196.02

		197.02		197.02		197.02		197.02		197.02		197.02		197.02		197.02

		198.02		198.02		198.02		198.02		198.02		198.02		198.02		198.02

		199.02		199.02		199.02		199.02		199.02		199.02		199.02		199.02

		200.03		200.03		200.03		200.03		200.03		200.03		200.03		200.03

		201.03		201.03		201.03		201.03		201.03		201.03		201.03		201.03

		202.02		202.02		202.02		202.02		202.02		202.02		202.02		202.02

		203.02		203.02		203.02		203.02		203.02		203.02		203.02		203.02

		204.02		204.02		204.02		204.02		204.02		204.02		204.02		204.02

		205.02		205.02		205.02		205.02		205.02		205.02		205.02		205.02

		206.02		206.02		206.02		206.02		206.02		206.02		206.02		206.02

		207.03		207.03		207.03		207.03		207.03		207.03		207.03		207.03

		208.03		208.03		208.03		208.03		208.03		208.03		208.03		208.03

		209.02		209.02		209.02		209.02		209.02		209.02		209.02		209.02

		210.02		210.02		210.02		210.02		210.02		210.02		210.02		210.02

		211.02		211.02		211.02		211.02		211.02		211.02		211.02		211.02

		212.02		212.02		212.02		212.02		212.02		212.02		212.02		212.02

		213.02		213.02		213.02		213.02		213.02		213.02		213.02		213.02

		214.03		214.03		214.03		214.03		214.03		214.03		214.03		214.03
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0.04
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0.03
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0.1

0.08

0.17

0.15

0.38

0.17

0.04

0.05

1.01

0.73

1.28

1.46

2.13

1.26

0.01

0.04

2.6

1.74

2.31

3.19

3.49

2.31

0.05

0.02

4.21

2.68

3

4.62

4.45

3.07

0.01

0.07

5.59

3.47

3.49

5.75

5.1

3.64

0.06

0.08

6.71

4.07

3.84

6.58

5.59

4.08

0.03

0.17

7.59

4.54

4.1

7.22

5.92

4.4

0.03

0.18

8.28

4.9

4.29

7.7

6.19

4.66

0.07

0.27

8.8

5.16

4.43

8.06

6.39

4.86

0.05

0.31

9.2

5.38

4.55

8.33

6.53

5

0.07

0.33

9.5

5.54

4.62

8.53

6.65

5.12

0.07

0.43

9.74

5.68

4.69

8.67

6.72

5.22

0.04

0.43

9.91

5.78

4.75

8.79

6.79

5.28

0.09

0.44

10.06

5.86

4.79

8.88

6.85

5.35

0.09

0.53

10.17

5.94

4.83

8.94

6.88

5.39

0.08

0.51

10.25

6

4.86

8.99

6.92

5.42

0.11

0.6

10.32

6.05

4.89

9.02

6.93

5.47

0.09

0.6

10.37

6.09

4.9

9.05

6.95

5.48

0.12

0.62

10.4

6.13

4.92

9.07

6.97

5.52

0.12

0.67

10.44

6.16

4.94

9.09

6.98

5.52

0.11

0.65

10.47

6.19

4.96

9.11

7

5.54

0.13

0.71

10.5

6.22

4.96

9.11

6.99

5.57

0.11

0.68

10.5

6.25

4.98

9.13

7.01

5.57

0.14

0.73

10.53

6.26

4.99

9.13

7.02

5.58

0.11

0.71

10.55

6.28

5

9.15

7.02

5.59

0.15

0.74

10.56

6.31

5.01

9.14

7.02

5.6

0.1

0.74

10.57

6.32

5.02

9.15

7.02

5.61

0.14

0.73

10.59

6.34

5.03

9.15

7.04

5.62

0.1

0.78

10.59

6.36

5.04

9.16

7.03

5.62

0.13

0.78

10.59

6.38

5.05

9.17

7.04

5.64

0.12

0.81

10.6

6.39

5.07

9.18

7.04

5.64

0.11

0.78

10.61

6.41

5.08

9.19

7.06

5.65

0.11

0.84

10.61

6.43

5.08

9.18

7.05

5.64

0.12

0.83

10.62

6.44

5.09

9.19

7.06

5.67

0.13

0.86

10.63

6.45

5.1

9.19

7.06

5.67

0.12

0.83

10.64

6.46

5.11

9.19

7.07

5.67

0.13

0.87

10.63

6.48

5.12

9.19

7.06

5.68

0.11

0.84

10.64

6.49

5.12

9.2

7.07

5.69

0.11

0.89

10.64

6.5

5.14

9.21

7.08

5.69

0.13

0.88

10.65

6.51

5.14

9.21

7.08

5.71

0.11

0.89

10.65

6.53

5.15

9.21

7.09

5.7

0.14

0.9

10.64

6.53

5.15

9.22

7.09
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0.12

0.88

10.65
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5.16

9.22
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0.14
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6.55

5.18

9.22

7.1
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0.12

0.91

10.67

6.56

5.18

9.25

7.11
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0.15

0.94

10.68

6.57

5.19

9.25

7.11
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0.11

0.94

10.68

6.58

5.2

9.26

7.11

5.76

0.12

0.94

10.68
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5.21

9.28

7.12

5.75

0.15

0.96

10.69
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5.22

9.28
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6.6

5.22

9.29
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0.14
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9.29
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0.13
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6.61

5.24

9.28

7.15

5.77

0.14

1

10.72

6.63

5.24

9.28

7.12

5.78

0.13

0.96

10.73

6.63

5.25

9.29

7.15

5.79

0.15

1

10.73

6.65

5.25

9.29

7.14

5.79

0.14

0.95

10.75
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5.27

9.3

7.15

5.79

0.16

1.01

10.74

6.66

5.27

9.29
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5.8

0.14

0.94
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9.29

7.15

5.8

0.18

1

10.75

6.67

5.28

9.29

7.16

5.81

0.14

0.99

10.75

6.68

5.29

9.3

7.14

5.81

0.16

0.94

10.74

6.68

5.29

9.3

7.16

5.81

0.18

1.01

10.74

6.68

5.3

9.3

7.16

5.82

0.12

0.99

10.74

6.68

5.3

9.3

7.16

5.81

0.18

0.97

10.75

6.68

5.3

9.3

7.16

5.83

0.17

1.01

10.76

6.69

5.31

9.28

7.16

5.83

0.17

0.97

10.76

6.7

5.32

9.29

7.18

5.83

0.18

1.01

10.76

6.7

5.32

9.28
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0.99
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1

10.78
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0.17
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1

7.09
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0.17

1
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0.16
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0.15
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1

1.37

0.87

1.11

0.17
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1.47

0.89

1.07

0.73

0.94

0.15

0.74

1.4

1.3

0.8

0.87

0.6
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0.15

0.68

1.15

1.16
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0.52
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0.15

0.65

0.97

1.06

0.68

0.59

0.45

0.65

0.13

0.6
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deltas_Sector2

				Timer		T0		T1		T2		T3		T4		T5		T14		T15

				0		0		0		0		0		0		0		0		0

				0.99		0.01		0.01		0		0		0		0		0		0

				1.99		0.01		0		0.01		0		0		0		0		0

				3.07		0.01		0		0		0		0		0.01		0		0

				4.22		0.01		0.01		0.01		0.01		0		0		0.01		0.01

				5		0.01		0.01		0.01		0		0.01		0		0		0.01

				5.99		0.02		0.01		0.01		0.01		0		0.01		0.01		0

				6.99		0.01		0.01		0		0.02		0.01		0		0.01		0.02

				7.99		0.01		0.01		0.01		0		0.01		0.01		0.01		0.02

				8.99		0.02		0.01		0.01		0.01		0.01		0.01		0.01		0.02

				9.99		0.01		0.02		0.01		0.02		0.01		0.01		0.02		0.01

				10.99		0.02		0.02		0.02		0.01		0.02		0		0.01		0.02

				12		0.02		0.01		0.01		0.02		0.01		0.02		0.03		0.01

				13		0.02		0.02		0.02		0.01		0.02		0.01		0.01		0.03

				13.99		0.02		0.02		0.01		0.02		0.01		0.02		0.02		0.02

				14.99		0.03		0.01		0.01		0.02		0.01		0.02		0.01		0.02

				15.99		0.02		0.02		0.02		0.02		0.02		0.01		0.02		0.02

				16.99		0.02		0.02		0.01		0.02		0.01		0.02		0.02		0.02

				17.99		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

				19		0.03		0.02		0.02		0.02		0.02		0.01		0.02		0.03

				20		0.03		0.02		0.02		0.02		0.02		0.02		0.01		0.02

				21		0.03		0.03		0.02		0.03		0.02		0.02		0.03		0.03

				21.99		0.02		0.02		0.02		0.02		0.02		0.03		0.03		0.03

				22.99		0.02		0.03		0.02		0.03		0.01		0.02		0.02		0.02

				23.99		0.03		0.03		0.02		0.03		0.03		0.02		0.02		0.04

				24.99		0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.03

				26		0.03		0.03		0.02		0.02		0.02		0.02		0.02		0.03

				27		0.03		0.02		0.02		0.03		0.01		0.02		0.03		0.02

				28		0.03		0.03		0.02		0.03		0.02		0.02		0.03		0.04

				29		0.03		0.02		0.03		0.03		0.03		0.03		0.03		0.04

				29.99		0.03		0.03		0.02		0.03		0.02		0.04		0.04		0.03

				30.99		0.04		0.03		0.03		0.03		0.03		0.02		0.03		0.05

				31.99		0.04		0.03		0.02		0.03		0.02		0.03		0.04		0.03

				33		0.03		0.03		0.02		0.03		0.03		0.04		0.03		0.04

				34		0.04		0.04		0.03		0.04		0.03		0.04		0.04		0.04

				35		0.03		0.03		0.02		0.03		0.03		0.02		0.03		0.04

				36		0.1		0.08		0.17		0.15		0.38		0.17		0.04		0.05

				37		1.01		0.73		1.28		1.46		2.13		1.26		0.01		0.04

				37.99		2.6		1.74		2.31		3.19		3.49		2.31		0.05		0.02

				38.99		4.21		2.68		3		4.62		4.45		3.07		0.01		0.07

				40		5.59		3.47		3.49		5.75		5.1		3.64		0.06		0.08

				41		6.71		4.07		3.84		6.58		5.59		4.08		0.03		0.17

				42		7.59		4.54		4.1		7.22		5.92		4.4		0.03		0.18

				43		8.28		4.9		4.29		7.7		6.19		4.66		0.07		0.27

				44		8.8		5.16		4.43		8.06		6.39		4.86		0.05		0.31

				45		9.2		5.38		4.55		8.33		6.53		5		0.07		0.33

				45.99		9.5		5.54		4.62		8.53		6.65		5.12		0.07		0.43

				47		9.74		5.68		4.69		8.67		6.72		5.22		0.04		0.43

				48		9.91		5.78		4.75		8.79		6.79		5.28		0.09		0.44

				49		10.06		5.86		4.79		8.88		6.85		5.35		0.09		0.53

				50		10.17		5.94		4.83		8.94		6.88		5.39		0.08		0.51

				51		10.25		6		4.86		8.99		6.92		5.42		0.11		0.6

				52		10.32		6.05		4.89		9.02		6.93		5.47		0.09		0.6

				53		10.37		6.09		4.9		9.05		6.95		5.48		0.12		0.62

				54		10.4		6.13		4.92		9.07		6.97		5.52		0.12		0.67

				55		10.44		6.16		4.94		9.09		6.98		5.52		0.11		0.65

				56		10.47		6.19		4.96		9.11		7		5.54		0.13		0.71

				57		10.5		6.22		4.96		9.11		6.99		5.57		0.11		0.68

				58		10.5		6.25		4.98		9.13		7.01		5.57		0.14		0.73

				59		10.53		6.26		4.99		9.13		7.02		5.58		0.11		0.71

				60		10.55		6.28		5		9.15		7.02		5.59		0.15		0.74

				61		10.56		6.31		5.01		9.14		7.02		5.6		0.1		0.74

				62		10.57		6.32		5.02		9.15		7.02		5.61		0.14		0.73

				63		10.59		6.34		5.03		9.15		7.04		5.62		0.1		0.78

				64		10.59		6.36		5.04		9.16		7.03		5.62		0.13		0.78

				65		10.59		6.38		5.05		9.17		7.04		5.64		0.12		0.81

				66		10.6		6.39		5.07		9.18		7.04		5.64		0.11		0.78

				67		10.61		6.41		5.08		9.19		7.06		5.65		0.11		0.84

				68.01		10.61		6.43		5.08		9.18		7.05		5.64		0.12		0.83

				69		10.62		6.44		5.09		9.19		7.06		5.67		0.13		0.86

				70		10.63		6.45		5.1		9.19		7.06		5.67		0.12		0.83

				71		10.64		6.46		5.11		9.19		7.07		5.67		0.13		0.87

				72		10.63		6.48		5.12		9.19		7.06		5.68		0.11		0.84

				73		10.64		6.49		5.12		9.2		7.07		5.69		0.11		0.89

				74		10.64		6.5		5.14		9.21		7.08		5.69		0.13		0.88

				75.01		10.65		6.51		5.14		9.21		7.08		5.71		0.11		0.89

				76.01		10.65		6.53		5.15		9.21		7.09		5.7		0.14		0.9

				77		10.64		6.53		5.15		9.22		7.09		5.72		0.12		0.88

				78		10.65		6.54		5.16		9.22		7.09		5.71		0.14		0.92

				79		10.66		6.55		5.18		9.22		7.1		5.73		0.12		0.91

				80		10.67		6.56		5.18		9.25		7.11		5.74		0.15		0.94

				81		10.68		6.57		5.19		9.25		7.11		5.72		0.11		0.94

				82.01		10.68		6.58		5.2		9.26		7.11		5.76		0.12		0.94

				83.01		10.68		6.58		5.21		9.28		7.12		5.75		0.15		0.96

				84.01		10.69		6.6		5.22		9.28		7.12		5.77		0.12		0.94

				85		10.69		6.6		5.22		9.29		7.13		5.75		0.14		0.99

				86		10.7		6.61		5.23		9.29		7.12		5.77		0.13		0.95

				87		10.71		6.61		5.24		9.28		7.15		5.77		0.14		1

				88		10.72		6.63		5.24		9.28		7.12		5.78		0.13		0.96

				89.01		10.73		6.63		5.25		9.29		7.15		5.79		0.15		1

				90.01		10.73		6.65		5.25		9.29		7.14		5.79		0.14		0.95

				91.01		10.75		6.64		5.27		9.3		7.15		5.79		0.16		1.01

				92		10.74		6.66		5.27		9.29		7.15		5.8		0.14		0.94

				93		10.76		6.66		5.28		9.29		7.15		5.8		0.18		1

				94		10.75		6.67		5.28		9.29		7.16		5.81		0.14		0.99

				95		10.75		6.68		5.29		9.3		7.14		5.81		0.16		0.94

				96.01		10.74		6.68		5.29		9.3		7.16		5.81		0.18		1.01

				97.01		10.74		6.68		5.3		9.3		7.16		5.82		0.12		0.99

				98.01		10.74		6.68		5.3		9.3		7.16		5.81		0.18		0.97

				99.01		10.75		6.68		5.3		9.3		7.16		5.83		0.17		1.01

				100		10.76		6.69		5.31		9.28		7.16		5.83		0.17		0.97

				101		10.76		6.7		5.32		9.29		7.18		5.83		0.18		1.01

				102		10.76		6.7		5.32		9.28		7.17		5.85		0.14		0.99

				103.01		10.76		6.71		5.32		9.28		7.16		5.83		0.19		0.99

				104.01		10.77		6.71		5.32		9.28		7.17		5.85		0.16		1

				105.01		10.78		6.72		5.33		9.28		7.17		5.84		0.18		0.98

				106.01		10.77		6.71		5.31		9.27		7.09		5.83		0.17		1.01

				107.01		10.22		6.28		4.45		8.39		5.6		4.99		0.17		1.01

				108		8.75		5.33		3.32		6.66		4.04		3.85		0.17		1

				109		7.09		4.35		2.54		5.12		2.99		3.01		0.17		1

				110.01		5.62		3.51		2.01		3.9		2.26		2.39		0.16		0.97

				111.01		4.4		2.86		1.63		2.97		1.73		1.93		0.16		0.92

				112.01		3.44		2.36		1.34		2.28		1.35		1.57		0.16		0.87

				113.01		2.7		1.98		1.15		1.74		1.09		1.3		0.15		0.84

				114.01		2.14		1.69		1		1.37		0.87		1.11		0.17		0.78

				115.01		1.72		1.47		0.89		1.07		0.73		0.94		0.15		0.74

				116.01		1.4		1.3		0.8		0.87		0.6		0.83		0.15		0.68

				117.01		1.15		1.16		0.74		0.71		0.52		0.72		0.15		0.65

				118.01		0.97		1.06		0.68		0.59		0.45		0.65		0.13		0.6

				119.01		0.82		0.98		0.64		0.5		0.41		0.59		0.12		0.58

				120.01		0.71		0.91		0.61		0.44		0.36		0.55		0.14		0.54

				121.01		0.63		0.85		0.59		0.38		0.34		0.51		0.13		0.52

				122.01		0.56		0.81		0.57		0.35		0.32		0.48		0.12		0.49

				123.01		0.52		0.77		0.55		0.32		0.3		0.46		0.13		0.46

				124.01		0.48		0.73		0.54		0.3		0.28		0.45		0.14		0.45

				125.01		0.45		0.71		0.53		0.28		0.28		0.42		0.13		0.44

				126.01		0.42		0.68		0.52		0.26		0.27		0.41		0.13		0.43

				127.01		0.4		0.65		0.51		0.25		0.25		0.4		0.13		0.39

				128.01		0.38		0.63		0.49		0.24		0.25		0.39		0.12		0.39

				129.01		0.36		0.6		0.48		0.24		0.24		0.38		0.13		0.37

				130.02		0.34		0.59		0.48		0.22		0.24		0.37		0.13		0.35

				131.01		0.34		0.57		0.47		0.22		0.23		0.36		0.12		0.35

				132.01		0.33		0.55		0.46		0.21		0.23		0.35		0.13		0.34

				133.01		0.31		0.54		0.45		0.2		0.23		0.34		0.11		0.33

				134.01		0.31		0.52		0.45		0.2		0.23		0.34		0.12		0.32

				135.01		0.3		0.51		0.44		0.2		0.23		0.33		0.12		0.31

				136.01		0.3		0.49		0.43		0.19		0.21		0.33		0.12		0.31

				137.02		0.29		0.48		0.43		0.19		0.21		0.33		0.13		0.3

				138.02		0.28		0.46		0.43		0.18		0.21		0.32		0.12		0.3

				139.01		0.28		0.46		0.42		0.19		0.2		0.31		0.11		0.27

				140.01		0.26		0.45		0.41		0.18		0.21		0.31		0.12		0.28

				141.01		0.26		0.43		0.41		0.17		0.2		0.31		0.12		0.27

				142.01		0.25		0.43		0.41		0.17		0.2		0.29		0.11		0.27

				143.01		0.25		0.42		0.39		0.17		0.19		0.29		0.11		0.26

				144.02		0.25		0.41		0.39		0.17		0.2		0.29		0.11		0.25

				145.02		0.24		0.4		0.39		0.17		0.19		0.28		0.11		0.27

				146.02		0.23		0.39		0.38		0.16		0.17		0.29		0.12		0.24

				147.01		0.23		0.38		0.37		0.15		0.19		0.26		0.1		0.25

				148.01		0.22		0.37		0.36		0.16		0.17		0.28		0.11		0.23

				149.01		0.21		0.36		0.37		0.14		0.18		0.26		0.1		0.24

				150.01		0.21		0.36		0.36		0.15		0.17		0.26		0.11		0.23

				151.02		0.21		0.35		0.36		0.16		0.17		0.26		0.12		0.22

				152.02		0.2		0.35		0.35		0.14		0.17		0.26		0.1		0.22

				153.02		0.21		0.34		0.34		0.14		0.17		0.24		0.1		0.22

				154.02		0.2		0.33		0.35		0.14		0.16		0.25		0.1		0.21

				155.01		0.19		0.33		0.33		0.14		0.17		0.24		0.1		0.22

				156.01		0.19		0.31		0.32		0.14		0.15		0.24		0.1		0.2

				157.01		0.18		0.31		0.32		0.13		0.15		0.23		0.09		0.2

				158.02		0.18		0.3		0.32		0.13		0.15		0.23		0.1		0.2

				159.02		0.18		0.3		0.31		0.12		0.15		0.22		0.09		0.2

				160.02		0.17		0.28		0.31		0.13		0.14		0.22		0.09		0.19

				161.02		0.16		0.28		0.31		0.12		0.15		0.22		0.09		0.19

				162.02		0.17		0.28		0.3		0.12		0.14		0.21		0.09		0.19

				163.01		0.16		0.27		0.3		0.12		0.13		0.21		0.09		0.18

				164.01		0.16		0.26		0.29		0.12		0.13		0.2		0.08		0.18

				165.02		0.15		0.26		0.28		0.11		0.13		0.2		0.08		0.17

				166.02		0.15		0.26		0.28		0.1		0.13		0.19		0.07		0.18

				167.02		0.15		0.25		0.29		0.1		0.12		0.19		0.08		0.16

				168.02		0.14		0.25		0.27		0.11		0.12		0.2		0.09		0.16

				169.02		0.14		0.25		0.27		0.1		0.13		0.18		0.07		0.17

				170.02		0.15		0.24		0.27		0.11		0.12		0.18		0.08		0.16

				171.01		0.14		0.25		0.26		0.11		0.12		0.18		0.07		0.17

				172.02		0.14		0.22		0.27		0.1		0.12		0.18		0.08		0.15

				173.02		0.13		0.23		0.26		0.1		0.12		0.17		0.07		0.16

				174.02		0.13		0.23		0.26		0.1		0.12		0.18		0.09		0.15

				175.02		0.13		0.22		0.25		0.08		0.12		0.16		0.06		0.16

				176.02		0.12		0.22		0.24		0.09		0.11		0.16		0.07		0.15

				177.02		0.13		0.2		0.25		0.09		0.1		0.16		0.07		0.14

				178.02		0.11		0.21		0.24		0.09		0.11		0.15		0.07		0.15

				179.02		0.12		0.21		0.23		0.09		0.1		0.16		0.08		0.14

				180.02		0.12		0.2		0.24		0.08		0.1		0.15		0.08		0.13

				181.02		0.11		0.2		0.23		0.08		0.1		0.15		0.07		0.14

				182.02		0.11		0.2		0.23		0.08		0.09		0.15		0.08		0.14

				183.02		0.11		0.19		0.22		0.07		0.1		0.13		0.05		0.14

				184.02		0.1		0.19		0.23		0.07		0.09		0.15		0.06		0.13

				185.02		0.1		0.19		0.21		0.07		0.09		0.14		0.06		0.13

				186.02		0.1		0.17		0.22		0.07		0.08		0.14		0.05		0.13

				187.02		0.1		0.18		0.21		0.08		0.08		0.13		0.06		0.13

				188.02		0.1		0.18		0.21		0.08		0.09		0.14		0.07		0.12

				189.02		0.1		0.17		0.21		0.07		0.08		0.14		0.06		0.11

				190.02		0.1		0.17		0.2		0.08		0.07		0.13		0.06		0.12

				191.02		0.09		0.17		0.2		0.07		0.08		0.14		0.05		0.11

				192.02		0.1		0.16		0.2		0.07		0.07		0.13		0.06		0.12

				193.03		0.09		0.16		0.2		0.05		0.08		0.13		0.05		0.11

				194.02		0.09		0.16		0.19		0.07		0.07		0.12		0.04		0.13

				195.02		0.09		0.16		0.2		0.07		0.07		0.12		0.06		0.1

				196.02		0.09		0.16		0.19		0.07		0.07		0.13		0.05		0.11

				197.02		0.08		0.15		0.2		0.05		0.08		0.12		0.05		0.11

				198.02		0.09		0.15		0.17		0.07		0.07		0.12		0.06		0.11

				199.02		0.09		0.14		0.19		0.05		0.07		0.12		0.05		0.1

				200.03		0.08		0.15		0.18		0.06		0.08		0.12		0.05		0.11

				201.03		0.09		0.14		0.18		0.07		0.07		0.11		0.05		0.12

				202.02		0.07		0.15		0.18		0.05		0.07		0.11		0.05		0.1

				203.02		0.09		0.13		0.17		0.06		0.06		0.1		0.05		0.11

				204.02		0.07		0.14		0.18		0.05		0.06		0.11		0.05		0.1

				205.02		0.07		0.14		0.17		0.05		0.06		0.11		0.05		0.09

				206.02		0.09		0.13		0.16		0.06		0.06		0.1		0.04		0.11

				207.03		0.08		0.13		0.17		0.05		0.06		0.11		0.06		0.09

				208.03		0.06		0.14		0.17		0.04		0.07		0.1		0.04		0.1

				209.02		0.08		0.13		0.16		0.06		0.05		0.1		0.05		0.1

				210.02		0.07		0.13		0.16		0.06		0.06		0.1		0.05		0.1

				211.02		0.07		0.13		0.16		0.04		0.07		0.1		0.03		0.1

				212.02		0.08		0.12		0.17		0.05		0.05		0.1		0.05		0.09

				213.02		0.07		0.13		0.17		0.05		0.07		0.11		0.04		0.1

				214.03		0.07		0.13		0.16		0.05		0.07		0.1		0.04		0.1
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