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Abstract-- The proposed Next Linear Collider (NLC) will require over 1400 adjustable quadrupoles between the main linacs’ accelerator structures. These 12.7 mm bore quadrupoles will have a range of integrated strength from 0.6 to 132 Tesla, with a maximum gradient of 135 Tesla per meter, an adjustment range of (0 –20% and effective lengths from 324 mm to 972 mm. The magnetic center must remain stable to within 1 micrometer during the 20% adjustment. In an effort to reduce estimated costs and increase reliability, several designs using hybrid permanent magnets have been developed. All magnets have iron poles and use either Samarium Cobalt or Neodymium Iron to provide the magnetic fields. Two prototypes use rotating rods containing permanent magnetic material to vary the gradient. Gradient changes of 20% and center shifts of less than 20 microns have been measured. These data are compared to an equivalent electromagnet prototype. (See High Reliability Prototype Quadrupole for the Next Linear Collider by C.E Rago, C.M SPENCER, Z. Wolf submitted to this conference.) 

I. Introduction

The Next Linear Collider [1] (NLC) is a future electron/positron collider that is based on copper accelerator structures powered with 11.4 GHz X-band RF. It is designed to begin operations with a center-of-mass  (cms) energy of 500 GeV or less, depending on the physics interest, and to be adiabatically upgraded to 1 TeV cms with a luminosity of 2~3 x 1034 cm-2s-1. The facility is roughly 30 km in length and supports two independent interaction regions. For the main linac there will be over 1400 quadrupoles between the accelerator structures. To reduce costs and increase reliability, adjustable permanent magnets are considered for these structures. Based on Fermilab’s experience with permanent magnets used in their Recycler, collaboration between SLAC and Fermilab is exploring designs and prototypes.
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II. Magnet Requirements

The general linac magnet requirements are the same for all styles of magnets and are given in Table 1 for a 1 TeV machine. The temperature stability, harmonics, and field accuracy do not pose a problem based on the experience from the Fermilab Recycler [2]. To achieve the required pole tip field rare earth permanent magnets are required. Samarium Cobalt (Sm2 Co17) was chosen for its high residual B field (Br) and small temperature variation of the field. Neodymium Iron was also tested in the wedge type quadrupole. For the quadrupoles with lower gradient and integral field the amount of magnetic material or the length of the steel pole can be reduced.

Table I

Magnet Requirements for a 1TeV NLC

	Item
	Value

	Aperture
	12.7 mm

	Quantity      Length
	288           324 mm

399           432mm

576           965mm

	Pole tip field
	0.62 Tesla for 324mm

0.86 Tesla for other

	Adjustment
	+0 to –20%

	Temperature stability
	0.5% at 25 ± 1 oC

	Sextupole
	b3/b2 < 0.02 at r=5mm

	Field accuracy
	±0.5% at any field 

	Center location
	To Fiducial ± 0.1mm

	Magnetic Center stability
	± 0.001 mm over range of adjustment


The Beam Based Alignment (BBA) process for these quads drives the magnetic center stability requirement of ±0.001 mm. When a beam position monitor detects movement of the beam the position of the related quadrupole will be adjusted to bring the beam back on the correct trajectory. The BPM to quadrupole center calibration process requires that the quad strength be lowered by 20%  in five steps over several seconds during which  the magnetic center must not shift by more than 1 micrometer. This calibration will be done monthly. 

III. Corner Tuner Quadrupole

 Four prototypes of adjustable permanent magnets were designed and built. This paper reports of two of those four. The first is a corner tuner and the second is a wedge quadrupole. All measurements were made at the Fermilab magnet test facility with a stretched wire system. The resolution of the center shift was ±1 micrometer and the gradient error  ±20 Gauss.

The corner tuner is a hybrid permanent magnet quadrupole. The magnet uses precision-machined poles (1008 carbon steel) to form the gradient field and permanent magnet material (Sm2 Co17) behind each pole to drive the gradient. To adjust the gradient there are rotating permanent magnets in each of the four corners behind the poles. Figure 1 is a PANDRIA flux plot showing a cross section of the magnet the outer dimensions are 165 by 165-mm.
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Fig. 1. Corner tuner cross section showing the poles, magnet material and tuning rods. The field lines are also shown in this plot.
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Fig. 2.  Center shift vs intergrated gradient for the corner  tuner model.

This design is similar to the Fermilab Recycler quadrupoles. Figure 2 shows the center shift versus the gradient strength for the prototype quadrupole. The center is seen to move more than 50 micrometers for a full rotation of the tuning rods. Studies using PANDRIA indicate that the quadrupole center is dependent on the balance in the strength of the tuning rods and the precision in the support bearings. Further work on this prototype was stopped in favor of the wedge quadrupole. 

IV. Wedge Tuner Quadrupole

The next type of quadrupole also used precision-machined poles to shape the field. The Samarium Cobalt magnets were placed behind the poles and wedged in between the poles to provide higher field hence the name wedge quad. (Figure 3) The outer dimensions of the flux return were 101.6 by 101.6 mm. Variation in the gradient was accomplished by the use of rotating magnetic material behind each pole. The advantage of this design is that the tuning rods were placed in a region of parallel field. This reduced the dependence of the precision of the bearing and strength balance of the tuning rods. All prototype magnets had a pole length of 203 mm. This fit the Electric Discharge Machine (EDM) at the Fermilab Shops. All the pole pieces were made on an EDM to provide precise dimensions for optimal field shaping. MANAQUENCH of Valparaiso Indiana [3] supplied the Samarium Cobalt magnetic material and the Nd-Iron cylinders were supplied by Dexter magnetics [4].
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Fig. 3. Wedge quadrupole cross section showing the poles, magnet material and tuning rods. The field lines are also shown in this plot.

The first version of the wedge quad (FWSQ001) had wedge magnets dimensions of 12.7 mm by 10.2 mm by 25.4 mm and pole magnets of 9.25 mm by 9.25 mm by 25.4 mm. Six magnets were arranged along the length of the pole for a total magnet length of 152 mm. This generates an integrated field of 20 Tesla. The tuning rods were made of 6 cylindrical magnets each 8.3 mm in diameter and 25.4 mm long, magnetized through the diameter. These magnets were glued in an aluminum tube with spacers between each magnet. As the glue set up an external magnet field was applied to keep the field orientation aligned through the diameter of the tube.

 Strips of high Nickel steel between each of the pole magnets accomplished temperature compensation. These strips were in contact with the pole and the flux return. The Curie point of these strips is 45 C. When the magnet is cold and the field is strong these strips act as shunts to the field. As the magnets warms the shunts release field into the gap. By balancing the volume of magnets to strips of steel a temperature variation of less than one part in 104 was achieved.

To allow for rotation of the tuning rod aluminum disks were attached to the ends of the rods. Holes were drilled in each disk at 15-degree intervals. As the rods were rotated a pin in each disk held the rod at a given angle. Figure 4 shows the variation of the quad center as a function of gradient. Each curve is generated when the rods are shifted to different holes. The different curves indicate an imbalance in the strength of each tuning rod.

 A fixture of parallel steel plates was fabricated. Each tuning rod was inserted into this fixture and a Hall probe was used to measure the relative strength of each rod. A variation of 5% in the strength of the rods was found. Modeling this variation in PANDRIA indicates that a 5 to 10 micrometer center shift could be caused by this imbalance.
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Fig. 4. Y center vs. integrated gradient strength in Tesla for a 200-mm pole length. Each curve represents a different position of the tuning rods. The different paths indicate an imbalance in the strength of the rods.

This magnet was rebuilt using Neodymium Iron magnets of the same dimension. There was an increase in gradient of 20%. The center shift as a function of change in field was similar. 

A second wedge type quad was made. The permanent magnets in this version were 50% larger to increase the gradient, the cross section is the same as Figure 3. The pole magnets were 12.7 by 12.7 mm and the wedge magnets were 12.7 by 20.3 mm. This gave a gradient increase of 30%. The arrangement of the magnets was similar to the first wedge quadrupole. 

For this magnet all of the individual magnets were selected for field uniformity and matched to balance the strength of the poles. The time of flight for each magnet falling through an aluminum tube was measured. Longer time of flight corresponded to stronger magnets. The magnets were matched with a strong magnet next to a weak magnet. The sum of the strengths for each row of magnets was then matched to be the same. A similar method for the rotating rods was used. A similar rotating mechanism was used to rotate the rods. In addition, custom fitted carbon fiber bearings were made for each tuning rod. This eliminated any wobble in the rods. Figure 5 shows the center shift vs. gradient for this magnet for the tuning rods in different positions. The overall center shift was less than 20 micrometers. This is still too large for the NLC requirements. Measurements of the tuning rods with a hall probe showed a 2% imbalance in the strength of the rods. There is a need to improve the balance in the strengths of the tuning rods; different schemes are being developed.
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Fig. 5.  Y center motion vs. integrated gradient strength in Tesla for a 200 mm pole length. Different curves are for tuning rods in different positions

V. Radiation Damage Issues

Radiation damage in permanent magnet material has been a concern since the early 1980's. There have been many studies done on both Samarium Cobalt and Neodymium Iron. Many of the pertinent papers have been collected on a web site hosted at SLAC [5]. Luna [6] et al. has a summary table that gives values of demagnetization for various materials and particles. In general Samarium Cobalt does not show significant loss in magnetization up to 109 rads for neutrons or protons. Neodymium Iron shows no significant loss of magnetization up to 107 rads. Gamma rays appear to have little to no effect on either type of rare earth permanent magnets. 

The paper by Kähkönen [7] et al. gives a parameterization for the change in magnetization of

(M/M = 2 Vgrain/Vsample n(Lnp
Where n is the ion density, ( is the cross section, and L is the sample thickness. It is clear that the preparation of the magnet material, in particular the grain size of the material, has a direct effect on the coercivity and the radiation hardness of the magnets. This could explain the wide variation in the amounts of demagnetization in material made by different manufacturers.

For the design of the NLC quads it is important to understand the expected radiation exposure of the magnets both due to normal beam loss and possible accidents. For the NLC quads it will also be important to control the manufacturing process used for the magnet material in order to achieve the higher coercivity and hence radiation hardness. 

VI. Other Styles of Magnets

Cherrill Spencer and Carlo Rago at SLAC have built a prototype electromagnet [8]. This is a conventional water-cooled copper conductor quadrupole with a current of up to 133 amps. The magnet meets all the specifications given in table 1. The center stability of 1 micrometer is achieved by always increasing the current from a lower to a higher value.

Vladimir Kashikhin reported on two other styles of permanent adjustable. [9] The first is a sliding shunt magnet where the outer flux return slides longitudinally. Portions of the poles are raised to come into contact with the flux return. This allows for flux to be shunted from the gap to the flux return. The range of adjustment is 13% the center stability is less than 20 micrometers.

A second type of permanent magnet quadrupole using counter rotating magnets. Two quadrupoles rotate in opposite direction thereby reducing the integrated gradient. The total range of adjustment is 20% and the center stability is 1 micrometer.

VII Conclusions

This paper reports on two styles of permanent magnet adjustable quadrupoles for the NLC. Of the two types the wedge tuner is closest to meeting all the requirements for NLC. The strength of the gradient and higher harmonics are within specifications. Further work on balancing the strength of the tuning rods is required to meet the specification of a center shift of 1 micrometer. The effects of radiation exposure to the particular material used in the magnets needs to be understood. With the proper selection of material and shielding permanent magnet quadrupoles should be viable for the life of the NLC. 
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data

		

		tuners 180 degrees

		time		x meter		x microns		sigma x				time		xgdl		sigma xgdl				time		y meters		y microns		sigma y				time		ygdl		sigma ygdl						angel		x microns		ymicrons		x gdl		y gdl

		0		-0.000031		-31.0		2.55E-06				0		-14.0926		0.00583712				120		4.80E-06		4.8		1.30E-06				120		14.0613		0.00331783

		240		-0.0000334		-33.4		2.61E-06				240		-14.10		0.00583164				360		4.80E-06		4.8		1.10E-06				360		14.062		0.00121326						0		250.3		4.8		-17.51		17.46

		480		-0.0000336		-33.6		1.14E-06				480		-14.0911		0.00772347				600		5.20E-06		5.2		4.47E-07				600		14.0645		0.00505846						90		270.6		-15.6		-15.80		15.73

		720		-0.000033		-33.0		1.22E-06				720		-14.0943		0.00531112				780		4.60E-06		4.6		8.94E-07				780		14.0606		0.00488754						180		-32.9		4.9		-14.09		14.06

		900		-0.0000334		-33.4		8.94E-07				900		-14.0936		0.00339706				1020		5.00E-06		5.0		7.07E-07				1020		14.0592		0.00703989						270		241.2		-53.0		-15.58		15.52

				ave		-32.9						ave		-14.09								ave		4.9						ave		14.062

				std dev		0.96						std dev		0.0022706827								std dev		0.204						std dev		0.001754309

		tuners 0 degrees																																										0.1947308133

		time		x meter				sigma x				time		xgdl		sigma xgdl				time		y meters				sigma y				time		ygdl		sigma ygdl

		0		0.0002442		244.2		4.97E-06				0		-17.5204		0.00739135				120		6.00E-06		6.0		7.07E-07				120		17.4662		0.00336749

		240		0.0002508		250.8		4.47E-07				240		-17.5064		0.00504896				360		4.80E-06		4.8		8.37E-07				360		17.4616		0.00260998

		480		0.000252		252.0		1.00E-06				480		-17.5029		0.00217071				540		4.00E-06		4.0		1.87E-06				540		17.455		0.00629031

		660		0.0002526		252.6		5.48E-07				660		-17.4997		0.00323419				780		4.60E-06		4.6		1.14E-06				780		17.4573		0.00810012

		900		0.000252		252.0		7.07E-07				900		-17.5028		0.00375606				1020		4.40E-06		4.4		1.52E-06				1020		17.4596		0.0049972

				ave		250.3						ave		-17.51								ave		4.8						ave		17.460

				std dev		3.1153811966						std dev		0.0072950942								std dev		0.674						std dev		0.0038322839

		tuners 270 degrees

		time		x meter				sigma x				time		xgdl		sigma xgdl				time		y meters				sigma y				time		ygdl		sigma ygdl

		0		0.00018		180.0		2.22E-05				0		-15.7104		0.0505999				120		-1.30E-05		-13.0		1.87E-06				120		15.6112		0.00501079

		240		0.0002252		225.2		2.39E-06				240		-15.6233		0.00483818				360		-3.48E-05		-34.8		2.77E-06				360		15.5623		0.00834218

		480		0.000252		252.0		3.39E-06				480		-15.5578		0.00676668				600		-6.36E-05		-63.6		2.30E-06				600		15.4906		0.00589508

		720		0.0002722		272.2		1.30E-06				720		-15.507		0.00540814				780		-7.54E-05		-75.4		5.48E-07				780		15.4632		0.00602229

		900		0.0002764		276.4		1.14E-06				900		-15.4985		0.00414343				1020		-7.80E-05		-78.0		7.07E-07				1020		15.4616		0.00297523

				ave		241.2						ave		-15.58								ave		-53.0						ave		15.518

				std dev		35.5474668577						std dev		0.0791723942								std dev		25.181						std dev		0.0593013457

		tuners 90 degrees

		time		x meter				sigma x				time		xgdl		sigma xgdl				time		y meters				sigma y				time		ygdl		sigma ygdl

		0		0.0001838		183.8		3.42E-06				0		-16.0009		0.00773046				120		3.96E-05		39.6		1.28E-05				120		15.8809		0.0265897

		240		0.0002818		281.8		4.66E-06				240		-15.7623		0.0106317				300		-2.50E-05		-25.0		1.00E-06				300		15.7077		0.00386109

		420		0.0002938		293.8		2.05E-06				420		-15.7456		0.0127098				540		-2.86E-05		-28.6		1.14E-06				540		15.6988		0.0102446

		660		0.0002962		296.2		4.47E-07				660		-15.7383		0.00670134				780		-3.10E-05		-31.0		7.07E-07				780		15.6897		0.00440817

		900		0.0002972		297.2		4.47E-07				900		-15.7288		0.00374005				1020		-3.32E-05		-33.2		1.64E-06				1020		15.6865		0.00591371

				ave		270.6						ave		-15.80								ave		-15.6						ave		15.733

				std dev		43.7283249165						std dev		0.1034423782								std dev		27.754						std dev		0.0744592345

		tuners 1 & 3 90 2 7 4 270 degrees

		time		x meter				sigma x				time		xgdl		sigma xgdl				time		y meters				sigma y				time		ygdl		sigma ygdl

		0		0.0002456		245.6		5.48E-07				0		-15.6529		0.00258225				120		-9.56E-05		-95.6		5.48E-07				120		15.6057		0.0067424

		240		0.0002462		246.2		8.37E-07				240		-15.6475		0.00540259				360		-9.64E-05		-96.4		8.94E-07				360		15.6067		0.00393548

		480		0.0002468		246.8		8.37E-07				480		-15.6491		0.00286566				540		-9.68E-05		-96.8		4.47E-07				540		15.6057		0.00526042

		660		0.0002476		247.6		5.48E-07				660		-15.6459		0.00621514				780		-9.70E-05		-97.0		1.22E-06				780		15.607		0.00754003

		900		0.0002458		245.8		8.37E-07				900		-15.6425		0.00491935				1020		-9.74E-05		-97.4		5.48E-07				1020		15.600		0.00552087

		1140		0.000247		247.0		2.00E-06				1140		-15.6436		0.00228736				1260		-9.78E-05		-97.8		1.10E-06				1260		15.6041		0.00424641

		1380		0.0002472		247.2		4.47E-07				1380		-15.6474		0.00316986				1500		-9.80E-05		-98.0		7.07E-07				1500		15.6019		0.00702766

		1620		0.0002482		248.2		1.30E-06				1620		-15.6463		0.0108554				1740		-9.76E-05		-97.6		1.67E-06				1740		15.6036		0.00862206

		1800		0.0002488		248.8		4.47E-07				1800		-15.6434		0.00244295				1920		-9.82E-05		-98.2		8.37E-07				1920		15.6016		0.00332084

		2040		0.0002486		248.6		1.82E-06				2040		-15.6432		0.00603656				2160		-9.90E-05		-99.0		7.07E-07				2160		15.6075		0.00278065

		2280		0.000248		248.0		1.22E-06				2280		-15.6454		0.00316101				2400		-9.82E-05		-98.2		8.37E-07				2400		15.6049		0.00369486

		2520		0.000248		248.0		1.22E-06				2520		-15.6425		0.00781358				2640		-9.90E-05		-99.0		7.07E-07				2640		15.6023		0.00483198

		2760		0.0002478		247.8		8.37E-07				2760		-15.6426		0.00540259				2820		-9.82E-05		-98.2		4.47E-07				2820		15.6028		0.00722136

		2940		0.0002484		248.4		1.14E-06				2940		-15.6425		0.0036524				3060		-9.78E-05		-97.8		8.37E-07				3060		15.5982		0.0113961

		3180		0.0002476		247.6		1.52E-06				3180		-15.6449		0.00139714				3300		-9.84E-05		-98.4		1.14E-06				3300		15.6022		0.00497876

		3420		0.0002478		247.8		1.30E-06				3420		-15.6449		0.0033538				3540		-9.82E-05		-98.2		4.47E-07				3540		15.602		0.0012

		3660		0.0002486		248.6		8.94E-07				3660		-15.6401		0.00642744				3720		-9.84E-05		-98.4		1.34E-06				3720		15.5993		0.00312922

		3840		0.000248		248.0		3.64E-12				3840		-15.6409		0.00571559				3960		-9.84E-05		-98.4		5.48E-07				3960		15.6007		0.00636333

		4080		0.0002486		248.6		1.52E-06				4080		-15.6423		0.00633088				4200		-9.88E-05		-98.8		1.10E-06				4200		15.6007		0.00438771

		4320		0.000248		248.0		1.41E-06				4320		-15.6419		0.00459652				4440		-9.82E-05		-98.2		8.37E-07				4440		15.6012		0.00764382

				ave		247.6						ave		-15.644								ave		-97.9						ave		15.603

				std dev		0.9083501527						std dev		0.0029891303								std dev		0.8468175719						std dev		0.0026039345

		tuners 1 & 3 270 2 7 4 90 degrees

		time		x meter				sigma x				time		xgdl		sigma xgdl				time		y meters				sigma y				time		ygdl		sigma ygdl

		0		-2.44E-05		-24.4		5.29E-05				0		-16.367		0.131593				120		0.0002282		228.2		8.37E-07				120		16.2464		0.00353157

		240		2.42E-05		24.2		8.37E-07				240		-16.2761		0.00308026				360		0.000226		226.0		7.07E-07				360		16.2386		0.00562779

		480		2.46E-05		24.6		1.14E-06				480		-16.2755		0.00274736				540		0.0002252		225.2		2.28E-06				540		16.2328		0.010944

		660		2.62E-05		26.2		8.37E-07				660		-16.2656		0.00633972				780		0.000224		224.0		1.22E-06				780		16.2327		0.0034641

		900		2.70E-05		27.0		7.07E-07				900		-16.2648		0.00480292				1020		0.0002226		222.6		8.94E-07				1020		16.2253		0.00238914

		1140		2.88E-05		28.8		8.37E-07				1140		-16.2647		0.0042577				1260		0.0002218		221.8		4.47E-07				1260		16.2283		0.00327292

		1380		3.00E-05		30.0		1.00E-06				1380		-16.2586		0.0042577				1440		0.0002206		220.6		1.14E-06				1440		16.2214		0.00304171

		1560		3.20E-05		32.0		1.58E-06				1560		-16.2535		0.00332445				1680		0.0002174		217.4		5.48E-07				1680		16.2142		0.00590017

		1800		3.54E-05		35.4		1.82E-06				1800		-16.2446		0.00523717				1920		0.0002148		214.8		1.10E-06				1920		16.202		0.00369432

		2040		3.90E-05		39.0		7.07E-07				2040		-16.2334		0.00634917				2160		0.000211		211.0		7.07E-07				2160		16.1937		0.00430488

				ave		24.3						ave		-16.3								ave		221.2						ave		16.2

				std dev		16.8345359306						std dev		0.0345491476								std dev		5.0792125374						std dev		0.0154628717

						x cntr		xgdl		ycntr		ygdl

				0		250.3		-17.51		4.80		17.46

				90		270.6		-15.8		-15.60		15.733

				270		240.2		-15.58		-53.00		15.518

				180		-32.9		-14.09		4.90		14.062
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xgdl vs x
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ygdl vs y 
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data

		

						1,2,3,4												2,3,4,1												3214												4321

						angle		Ygdl		Y cntr		Xgdl		x cntr				angle		Ygdl		Y cntr		Xgdl		x cntr				angle		Ygdl		Y cntr		Xgdl		x cntr				angle		Ygdl		Y cntr		Xgdl		x cntr

						0		-26.1861		-3.0		26.1937		0.90				0		-26.1992		-0.4		26.197		2.2				0		-26.1939		0.1		26.1964		-0.4				0		-26.1845		1.6		26.1835		1

						15		-26.1233		-1.8		26.1181		8.00				15		-26.1002		1.1		26.0956		15.1				15		-26.1284		15		26.1313		-12				15		-26.0998		-1.5		26.0989		7.7

						45		-25.6740		-5.5		25.6718		32.20				45		-25.5984		2.7		25.6028		22.5				45		-25.6896		15.3		25.6907		-21.4				45		-25.5928		-3.5		25.5874		39.5

						60		-25.3352		-4.7		25.3339		35.40				60		-25.2303		1.8		25.2262		22.6				60		-25.3433		19.8		25.3418		-29.6				60		-25.2273		-3.6		25.2242		13

						90		-24.5300		-11.2		24.5210		27.70				90		-24.426		4.7		24.4255		24.7				90		-24.5282		23.5		24.5307		-43.1				90		-24.4179		-8.9		24.4216		10.9

						120		-23.7802		-12.0		23.7781		24.10				120		-23.7003		1.2		23.7137		30.1				120		-23.7989		20.8		23.7991		-34.7				120		-23.6978		-15		23.6978		13

						165		-23.1153		0.4		23.1134		12.70				165		-23.1042		2.3		23.1046		12.5				165		-23.1533		17.7		23.1561		-30.6				165		-23.1206		-3.8		23.1125		29.5

						180		-23.0748		6.4		23.0679		-6.30				180		-23.0832		1.9		23.0873		6.9				180		-23.0891		13.2		23.0847		-24.2				180		-23.0791		2.7		23.0876		36.5

																		0		-26.1972		4.1		26.2028		18.1				0		-26.1774		12.8		26.1851		-25.4				0		-26.1892		12.7		26.1851		6

								1234		2341		3214		4321				y cnter		y cnter		y cnter		y cnter														1234		2341		3421		4321

						angle		Ygdl		Ygdl		Ygdl		Ygdl		ygdl ave		1,2,3,4		2,3,4,1		3,4,1,2		4,1,2,3				Xgdl		Xgdl		Xgdl		Xgdl		xgdl ave		x cntr		x cntr		x cntr		x cntr

						0		-26.1861		-26.1992		-26.1939		-26.1845		-26.2		-3.0		-0.4		0.1		1.6				26.1937		26.197		26.1964		26.1835		26.2		0.9		2.2		-0.4		1.0

						15		-26.1233		-26.1002		-26.1284		-26.0998		-26.1		-1.8		1.1		15		-1.5				26.1181		26.0956		26.1313		26.0989		26.1		8.0		15.1		-12.0		7.7

						45		-25.6740		-25.5984		-25.6896		-25.5928		-25.6		-5.5		2.7		15.3		-3.5				25.6718		25.6028		25.6907		25.5874		25.6		32.2		22.5		-21.4		39.5

						60		-25.3352		-25.2303		-25.3433		-25.2273		-25.3		-4.7		1.8		19.8		-3.6				25.3339		25.2262		25.3418		25.2242		25.3		35.4		22.6		-29.6		13.0

						90		-24.5300		-24.426		-24.5282		-24.4179		-24.5		-11.2		4.7		23.5		-8.9				24.5210		24.4255		24.5307		24.4216		24.5		27.7		24.7		-43.1		10.9

						120		-23.7802		-23.7003		-23.7989		-23.6978		-23.7		-12.0		1.2		20.8		-15				23.7781		23.7137		23.7991		23.6978		23.7		24.1		30.1		-34.7		13.0

						165		-23.1153		-23.1042		-23.1533		-23.1206		-23.1		0.4		2.3		17.7		-3.8				23.1134		23.1046		23.1561		23.1125		23.1		12.7		12.5		-30.6		29.5

						180		-23.0748		-23.0832		-23.0891		-23.0791		-23.1		6.4		1.9		13.2		2.7				23.0679		23.0873		23.0847		23.0876		23.1		-6.3		6.9		-24.2		36.5

										-26.1972		-26.1774		-26.1892		-26.2				4.1		12.8		12.7						26.2028		26.1851		26.1851		26.2				18.1		-25.4		6.0

																		2,3,4,1

																		angle		Ygdl		Y cntr		y cntr+100		Xgdl		x cntr

																		0		-26.1885		-124.5		-24.5		26.1875		3.0

																		15		-26.0818		-122.5		-22.5		26.0784		8.2

																		45		-25.5965		-121.7		-21.7		25.5758		27.8

																		60		-25.2073		-112.1		-12.1		25.2067		13.1

																		90		-24.4224		-107.8		-7.8		24.4213		14.3

																		120		-23.6828		-108.7		-8.7		23.6825		3.8

																		165		-23.1161		-112.9		-12.9		23.0876		-5.7

																		180		-23.0982		-115.3		-15.3		23.0795		-8.0
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angle vs x cntr
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angle vs ycntr
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angle vs Xgdl
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YGDL vs y all 4 pos
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summary

		

		1,2,3,4												2,3,4,1												3,4,1,2												4,1,2,3

				x cntr		y cntr		Xgld		Ygdl						x cntr		y cntr		Xgdl		Ygdl						x cntr		ycntr		Xgdl		Ygdl						x cntr		ycntr		Xgdl		Ygdl

		180		16.8		11.6		-18.4376		18.4232				180		1.4		0.6		-18.4417		18.4238				180		2.1		-26.7		-18.4402		18.4257				180		23.7		5.6		-18.4413		18.4278

		150		29.1		15.9		-18.6446		18.6327				150		8.8		-11.5		-18.7717		18.757				150		-10.9		-30.5		-18.6459		18.6334				150		16.5		17.9		-18.7752		18.7634

		120		41.4		15.6		-19.4297		19.4155				120		15		-19.2		-19.6741		19.6602				120		-25.9		-28.4		-19.4342		19.4183				120		9.0		26.3		-19.6738		19.6618

		90		45.8		9.4		-20.6705		20.6570				90		18.6		-23.6		-20.9696		20.9527				90		-32		-24.2		-20.6716		20.657				90		3.3		28.5		-20.9645		20.9493

		60		38.7		6.4		-22.0616		22.0485				60		18.1		-25.7		-22.3295		22.3129				60		-25.7		-21.7		-22.0585		22.0435				60		0.2		28.5		-22.3252		22.3088

		30		23.6		4.9		-23.1767		23.1608				30		16.3		-19.1		-23.3425		23.3240				30		-11.9		-21.3		-23.1731		23.158				30		2.6		26.6		-23.3378		23.3209

		0		6.9		-2.6		-23.6834		23.6667				0		12		-7.9		-23.6783		23.6596				0		5.9		-13.7		-23.6756		23.6605				0		5.2		15.8		-23.6728		23.6586

		ave		28.9		8.7		-20.8720142857		20.8577714286				ave		12.8857142857		-15.2		-21.0296285714		21.0128857143				ave		-14.0571428571		-23.8		-20.8713		20.8566285714				ave		8.6		21.3		-21.0272285714		21.0129428571

		std dev		13.1		6.0		2.0		2.0				std dev		5.7		8.7		2.0		2.0				std dev		13.5		5.2		2.0		2.0				std dev		7.9		8.0		2.0		2.0

		max		45.8		15.9		-18.4376		23.6667				max		18.6		0.6		-18.4417		23.6596				max		5.9		-13.7		-18.4402		23.6605				max		23.7		28.5		-18.4413		23.6586

		min		6.9		-2.6		-23.6834		18.4232				min		1.4		-25.7		-23.6783		18.4238				min		-32		-30.5		-23.6756		18.4257				min		0.2		5.6		-23.6728		18.4278

		Max-min		38.9		18.5								Max-min		17.2		26.3								Max-min		37.9		16.8								Max-min		23.5		22.9

																		Xgdl		x cntr		Ygdl		ycntr						Xgdl		x cntr		Ygdl		y cntr						X Gdl		x cntr		Ygdl		y cntr

																		-18.4417		1.4		18.4238		0.6						-18.4402		2.1		18.4257		-26.7						-18.4413		23.7		18.4278		5.6

																		-18.7717		8.8		18.757		-11.5						-18.6459		-10.9		18.6334		-30.5						-18.7752		16.5		18.7634		17.9

																		-19.6741		15		19.6602		-19.2						-19.4342		-25.9		19.4183		-28.4						-19.6738		9.0		19.6618		26.3

																		-20.9696		18.6		20.9527		-23.6						-20.6716		-32		20.657		-24.2						-20.9645		3.3		20.9493		28.5

																		-22.3295		18.1		22.3129		-25.7						-22.0585		-25.7		22.0435		-21.7						-22.3252		0.2		22.3088		28.5

																		-23.3425		16.3		23.3240		-19.1						-23.1731		-11.9		23.158		-21.3						-23.3378		2.6		23.3209		26.6

																		-23.6783		12		23.6596		-7.9						-23.6756		5.9		23.6605		-13.7						-23.6728		5.2		23.6586		15.8

								Ygdl		1,2,3,4		2,3,4,1		3,4,1,2		4,1,2,3

								18.4232		11.6		0.6		-26.7		5.6

								18.6327		15.9		-11.5		-30.5		17.9

								19.4155		15.6		-19.2		-28.4		26.3

								20.6570		9.4		-23.6		-24.2		28.5

								22.0485		6.4		-25.7		-21.7		28.5

								23.1608		4.9		-19.1		-21.3		26.6

								23.6667		-2.6		-7.9		-13.7		15.8





3,4,1,2

		

		3,4,2,1

		180 deg																																														x cntr		ycntr		Xgdl		Ygdl

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl				180		2.1		-26.7		-18.4402		18.4257

		120		23.2082		23.0842				0		2.75E-06		2.8		5.00E-07				0		-18.4366		0.00241868				120		-2.70E-05		-27.0		8.16E-07				120		18.4273		0.00423753				150		-10.9		-30.5		-18.6459		18.6334

		300		23.2105		23.101				180		2.00E-06		2.0		0				180		-18.4405		0.00324551				300		-2.63E-05		-26.3		5.00E-07				300		18.4241		0.00528898				120		-25.9		-28.4		-19.4342		19.4183

		480		23.2167		23.1113				360		2.50E-06		2.5		1.00E-06				360		-18.445		0.0129937				480		-2.63E-05		-26.3		5.00E-07				480		18.4259		0.00341516				90		-32		-24.2		-20.6716		20.657

		660		23.2219		23.1268				600		1.25E-06		1.3		9.57E-07				600		-18.4388		0.00492341				660		-2.73E-05		-27.3		9.57E-07				660		18.4254		0.00425637				60		-25.7		-21.7		-22.0585		22.0435

																																														30		-11.9		-21.3		-23.1731		23.158

		ave		23.2		23.1						ave		2.1						ave		-18.4402								ave		-26.7						ave		18.4257						0		5.9		-13.7		-23.6756		23.6605

		std dev		0.0		0.0						std dev		0.6						std dev		0.0031								std dev		0.4						std dev		0.0011

		150 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		23.2288		23.1453				0		-1.08E-05		-10.8		9.57E-07				0		-18.6471		0.0048891				120		-3.03E-05		-30.3		5.00E-07				120		18.6355		0.00859826

		300		23.2335		23.1577				240		-1.13E-05		-11.3		9.57E-07				240		-18.6458		0.00561546				300		-3.00E-05		-30.0		8.16E-07				300		18.6301		0.00378418

		480		23.235		23.1695				420		-1.10E-05		-11.0		8.16E-07				420		-18.6446		0.00372559				480		-3.08E-05		-30.8		5.00E-07				480		18.6341		0.00868255

		720		23.2445		23.1889				600		-1.05E-05		-10.5		5.77E-07				600		-18.646		0.00312996				720		-3.10E-05		-31.0		8.16E-07				720		18.634		0.00229492

		ave		23.2		23.2						ave		-10.9						ave		-18.6459								ave		-30.5						ave		18.6334

		std dev		0.0		0.0						std dev		0.3						std dev		0.0009								std dev		0.4						std dev		0.0020

		120 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.251		23.2131				0		-2.53E-05		-25.3		9.57E-07				0		-19.4335		0.00297714				60		-2.80E-05		-28.0		8.16E-07				60		19.4196		0.00411015

		240		23.2481		23.2033				180		-2.55E-05		-25.5		1.00E-06				180		-19.4328		0.00325935				240		-2.83E-05		-28.3		5.00E-07				240		19.4207		0.00148773

		480		23.2448		23.1982				360		-2.50E-05		-25.0		8.16E-07				360		-19.4355		0.0058023				480		-2.88E-05		-28.8		5.00E-07				480		19.418		0.00495446

		660		23.2556		23.228				540		-2.45E-05		-24.5		1.29E-06				540		-19.435		0.00506327				660		-2.85E-05		-28.5		5.77E-07				660		19.4147		0.00500932

		ave		23.2		23.2						ave		-25.1						ave		-19.4342								ave		-28.4						ave		19.4183

		std dev		0.0		0.0						std dev		0.4						std dev		0.0011								std dev		0.3						std dev		0.0023

		90 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.2693		23.2644				0		-3.25E-05		-32.5		5.77E-07				0		-20.6726		0.00200666				60		-2.40E-05		-24.0		8.16E-07				60		20.6562		0.00579281

		240		23.2729		23.2829				180		-3.15E-05		-31.5		5.77E-07				180		-20.67		0.00477877				240		-2.48E-05		-24.8		9.57E-07				240		20.6588		0.0133412

		480		23.2768		23.2922				360		-3.20E-05		-32.0		0				360		-20.6713		0.00155349				480		-2.40E-05		-24.0		0				480		20.6565		0.00185742

		660		23.2814		23.3059				540		-3.18E-05		-31.8		5.00E-07				540		-20.6723		0.00701878				660		-2.38E-05		-23.8		9.57E-07				660		20.6565		0.0061308

		ave		23.3		23.3						ave		-32.0						ave		-20.6716								ave		-24.2						ave		20.6570

		std dev		0.0		0.0						std dev		0.4						std dev		0.0010								std dev		0.4						std dev		0.0010

		60 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.2873		23.3262				0		-2.53E-05		-25.3		5.00E-07				0		-22.0616		0.00674759				60		-2.28E-05		-22.8		5.00E-07				60		22.0408		0.00485661

		240		23.2938		23.3391				180		-2.63E-05		-26.3		5.00E-07				180		-22.0543		0.00251595				240		-2.05E-05		-20.5		5.77E-07				240		22.0469		0.00306812

		420		23.3005		23.3499				360		-2.60E-05		-26.0		0				360		-22.0571		0.00393404				420		-2.15E-05		-21.5		5.77E-07				420		22.0439		0.00431239

		660		23.3082		23.3739				540		-2.53E-05		-25.3		5.00E-07				540		-22.0609		0.0010116				660		-2.18E-05		-21.8		9.57E-07				660		22.0422		0.00602301

		ave		23.3		23.3						ave		-25.7						ave		-22.0585								ave		-21.7						ave		22.0435

		std dev		0.0		0.0						std dev		0.4						std dev		0.0030								std dev		0.8						std dev		0.0023

		30 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		23.3128		23.3966				60		-1.23E-05		-12.3		5.00E-07				60		-23.1718		0.00328431				120		-2.13E-05		-21.3		9.57E-07				120		23.1558		0.0100894

		300		23.3211		23.4095				240		-1.15E-05		-11.5		5.77E-07				240		-23.1737		0.00341955				300		-2.15E-05		-21.5		5.77E-07				300		23.1553		0.00490816

		480		23.3216		23.42				420		-1.18E-05		-11.8		5.00E-07				420		-23.17		0.00255278				480		-2.13E-05		-21.3		9.57E-07				480		23.1629		0.00958193

		720		23.3237		23.4327				600		-1.20E-05		-12.0		8.16E-07				600		-23.1768		0.00213151				720		-2.10E-05		-21.0		8.16E-07				720		23.158		0.00312197

		ave		23.3		23.4						ave		-11.9						ave		-23.1731								ave		-21.3						ave		23.1580

		std dev		0.0		0.0						std dev		0.3						std dev		0.0025								std dev		0.2						std dev		0.0030

		0 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.3419		23.461				0		5.50E-06		5.5		5.77E-07				0		-23.6752		0.0053799				60		-1.35E-05		-13.5		5.77E-07				60		23.6606		0.00708425

		240		23.3479		23.487				180		6.25E-06		6.3		1.71E-06				180		-23.6749		0.00698642				240		-1.33E-05		-13.3		5.00E-07				240		23.6614		0.00366742

		480		23.3528		23.4994				360		6.25E-06		6.3		5.00E-07				360		-23.6765		0.0135316				480		-1.43E-05		-14.3		5.00E-07				480		23.6623		0.0039745

		660		23.3541		23.5131				540		5.75E-06		5.8		9.57E-07				540		-23.6756		0.00442568				660		-1.35E-05		-13.5		1.00E-06				660		23.6576		0.00262488

		ave		23.3		23.5						ave		5.9						ave		-23.6756								ave		-13.7						ave		23.6605

		std dev		0.0		0.0						std dev		0.3						std dev		0.0006								std dev		0.4						std dev		0.0018





4,1,3,2

		

		4,1,2,3

		180 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl						x cntr		ycntr		Xgdl		Ygdl

		120		23.0203		22.8211				0		2.43E-05		24.3		5.00E-07				0		-18.4449		0.00275439				120		5.25E-06		5.3		5.00E-07				120		18.4302		0.00446169				180		23.7		5.6		-18.4413		18.4278

		300		23.0201		22.8296				180		2.38E-05		23.8		9.57E-07				180		-18.439		0.0040398				300		5.75E-06		5.8		9.57E-07				300		18.4253		0.00460145				150		16.5		17.9		-18.7752		18.7634

		540		23.017		22.8309				420		2.35E-05		23.5		1.73E-06				420		-18.4438		0.0056483				540		5.25E-06		5.3		9.57E-07				540		18.4301		0.00501465				120		9.0		26.3		-19.6738		19.6618

		720		23.0142		22.8369				600		2.30E-05		23.0		8.16E-07				600		-18.4373		0.00539475				720		6.25E-06		6.3		5.00E-07				720		18.4254		0.00689613				90		3.3		28.5		-20.9645		20.9493

																																														60		0.2		28.5		-22.3252		22.3088

		ave		23.0		22.8						ave		23.7						ave		-18.4413								ave		5.6						ave		18.4278						30		2.6		26.6		-23.3378		23.3209

																																														0		5.2		15.8		-23.6728		23.6586

		std dev		0.0		0.0						std dev		0.5						std dev		0.0032								std dev		0.4						std dev		0.0024

		150 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.0227		22.8588				0		1.73E-05		17.3		5.00E-07				0		-18.7752		0.00274408				60		1.83E-05		18.3		5.00E-07				60		18.7607		0.0100749

		300		23.0291		22.8665				180		1.63E-05		16.3		1.26E-06				180		-18.7729		0.00756219				300		1.80E-05		18.0		8.16E-07				300		18.7644		0.00898053

		480		23.0379		22.8814				360		1.63E-05		16.3		9.57E-07				360		-18.7742		0.00187172				480		1.78E-05		17.8		5.00E-07				480		18.76		0.00520128

		660		23.0371		22.8884				600		1.60E-05		16.0		2.16E-06				600		-18.7785		0.0115023				660		1.75E-05		17.5		5.77E-07				660		18.7684		0.0043589

		ave		23.0		22.9						ave		16.5						ave		-18.7752								ave		17.9						ave		18.7634

		std dev		0.0		0.0						std dev		0.5						std dev		0.0021								std dev		0.3						std dev		0.0033

		120 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		23.0479		22.9051				0		9.25E-06		9.3		5.00E-07				0		-19.6728		0.0025684				120		2.60E-05		26.0		8.16E-07				120		19.6618		0.00201577

		300		23.0487		22.9131				180		8.75E-06		8.8		5.00E-07				180		-19.6723		0.00774317				300		2.68E-05		26.8		5.00E-07				300		19.6617		0.00742159

		480		23.0497		22.9216				420		9.50E-06		9.5		5.77E-07				420		-19.678		0.00766703				480		2.60E-05		26.0		0				480		19.6616		0.00643532

		660		23.0595		22.9345				600		8.50E-06		8.5		1.29E-06				600		-19.6719		0.00612617				660		2.63E-05		26.3		9.57E-07				660		19.6621		0.00717287

		ave		23.1		22.9						ave		9.0						ave		-19.6738								ave		26.3						ave		19.6618

		std dev		0.0		0.0						std dev		0.4						std dev		0.0025								std dev		0.3						std dev		0.0002

		90 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		23.0593		22.9513				0		3.50E-06		3.5		5.77E-07				0		-20.9631		0.00334664				120		2.90E-05		29.0		8.16E-07				120		20.9477		0.00252455

		300		23.0605		22.9562				240		3.75E-06		3.8		1.89E-06				240		-20.9676		0.00607179				300		2.83E-05		28.3		5.00E-07				300		20.948		0.00695773

		480		23.0631		22.9688				420		2.75E-06		2.8		9.57E-07				420		-20.965		0.00271968				480		2.83E-05		28.3		9.57E-07				480		20.9517		0.00691351

		720		23.0644		22.9698				600		3.00E-06		3.0		8.16E-07				600		-20.9622		0.00508691				720		2.83E-05		28.3		5.00E-07				720		20.9497		0.00453725

		ave		23.1		23.0						ave		3.3						ave		-20.9645								ave		28.5						ave		20.9493

		std dev		0.0		0.0						std dev		0.4						std dev		0.0021								std dev		0.3						std dev		0.0016

		60 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		23.0665		22.9853				0		-1.00E-06		-1.0		0				0		-22.3222		0.0026808				120		2.78E-05		27.8		5.00E-07				120		22.3131		0.00245493

		300		23.0685		22.9953				240		5.00E-07		0.5		1.00E-06				240		-22.323		0.0100671				300		2.80E-05		28.0		8.16E-07				300		22.311		0.00378418

		540		23.0696		23.0008				420		7.50E-07		0.8		5.00E-07				420		-22.3297		0.00651255				540		2.85E-05		28.5		5.77E-07				540		22.3064		0.00451184

		720		23.0752		23.0108				660		5.00E-07		0.5		1.00E-06				660		-22.3258		0.0102273				720		2.98E-05		29.8		5.00E-07				720		22.3045		0.00390555

		ave		23.1		23.0						ave		0.2						ave		-22.3252								ave		28.5						ave		22.3088

		std dev		0.0		0.0						std dev		0.7						std dev		0.0029								std dev		0.8						std dev		0.0034

		30 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.077		23.0152				0		2.75E-06		2.8		9.57E-07				0		-23.3396		0.00606493				60		2.60E-05		26.0		0				60		23.3192		0.00625966

		300		23.0752		23.0239				180		2.00E-06		2.0		8.16E-07				180		-23.3368		0.00255865				300		2.65E-05		26.5		5.77E-07				300		23.3185		0.00179907

		480		23.0837		23.0319				360		3.00E-06		3.0		1.41E-06				360		-23.3351		0.00445833				480		2.70E-05		27.0		8.16E-07				480		23.3237		0.00514717

		660		23.092		23.041				600		2.50E-06		2.5		5.77E-07				600		-23.3398		0.00444335				660		2.70E-05		27.0		8.16E-07				660		23.3221		0.00702851

		ave		23.1		23.0						ave		2.6						ave		-23.3378								ave		26.6						ave		23.3209

		std dev		0.0		0.0						std dev		0.4						std dev		0.0020								std dev		0.4						std dev		0.0021

		0 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		23.0879		23.0518				0		5.00E-06		5.0		1.15E-06				0		-23.6732		0.00689057				60		1.55E-05		15.5		1.00E-06				60		23.655		0.00319374

		300		23.0984		23.0634				180		5.25E-06		5.3		5.00E-07				180		-23.6743		0.0049017				300		1.63E-05		16.3		5.00E-07				300		23.663		0.00481214

		480		23.0922		23.0729				360		5.50E-06		5.5		5.77E-07				360		-23.6711		0.00628543				480		1.48E-05		14.8		5.00E-07				480		23.6577		0.00535413

		660		23.0976		23.0822				600		5.00E-06		5.0		8.16E-07				600		-23.6727		0.00147874				660		1.65E-05		16.5		5.77E-07				660		23.6586		0.00751953

		ave		23.1		23.1						ave		5.2						ave		-23.6728								ave		15.8						ave		23.6586

		std dev		0.0		0.0						std dev		0.2						std dev		0.0012								std dev		0.7						std dev		0.0029





1.2.3.4

		

		180 deg																																																		x cntr		y cntr		Xgld		Ygdl

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl								180		16.8		11.6		-18.4376		18.4232

		60		22.8845		22.3946				0		1.70E-05		17.0		8.16E-07				0		-18.4382		0.00534688				60		1.15E-05		11.5		1.29E-06				60		18.4231		0.00376431								150		29.1		15.9		-18.6446		18.6327

		300		22.8729		22.3864				180		1.65E-05		16.5		5.77E-07				180		-18.4395		0.00787655				300		1.10E-05		11.0		1.63E-06				300		18.423		0.00616955								120		41.4		15.6		-19.4297		19.4155

		480		22.8796		22.3944				420		1.70E-05		17.0		1.41E-06				420		-18.4381		0.00234094				480		1.20E-05		12.0		8.16E-07				480		18.4236		0.00425206								90		45.8		9.4		-20.6705		20.657

		720		22.8755		22.3941				600		1.65E-05		16.5		1.00E-06				600		-18.4347		0.00811357				720		1.18E-05		11.8		5.00E-07				720		18.4229		0.00232666								60		38.7		6.4		-22.0616		22.0485

																																																		30		23.6		4.9		-23.1767		23.1608

		ave		22.9		22.4						ave		16.8						ave		-18.4376								ave		11.6						ave		18.4232										0		6.9		-2.6		-23.6834		23.6667

		std dev		0.0		0.0						std dev		0.3						std dev		0.0018								std dev		0.4						std dev		0.0003

		150 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.8822		22.4037				0		2.95E-05		29.5		5.77E-07				0		-18.6444		0.00356043				120		1.55E-05		15.5		1.00E-06				120		18.6319		0.00810925

		300		22.8753		22.3988				180		2.98E-05		29.8		5.00E-07				180		-18.6451		0.00905447				300		1.48E-05		14.8		9.57E-07				300		18.6314		0.00446766

		480		22.8724		22.3967				420		2.85E-05		28.5		1.29E-06				420		-18.642		0.00737993				480		1.63E-05		16.3		9.57E-07				480		18.6329		0.0047676

		660		22.8796		22.4129				600		2.85E-05		28.5		1.29E-06				600		-18.6467		0.0115204				660		1.68E-05		16.8		5.00E-07				660		18.6346		0.00343463

		ave		22.9		22.4						ave		29.1						ave		-18.6446								ave		15.9						ave		18.6327

		std dev		0.0		0.0						std dev		0.6						std dev		0.0017								std dev		0.8						std dev		0.0012

		120 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.8938		22.4403				0		4.18E-05		41.8		9.57E-07				0		-19.4311		0.00588444				120		1.58E-05		15.8		9.57E-07				120		19.4158		0.00700666

		300		22.8917		22.4289				240		4.10E-05		41.0		8.16E-07				240		-19.4268		0.00269011				300		1.58E-05		15.8		1.26E-06				300		19.4196		0.00616009

		540		22.8905		22.4338				420		4.13E-05		41.3		5.00E-07				420		-19.4326		0.00161142				540		1.53E-05		15.3		9.57E-07				540		19.4105		0.0057605

		720		22.8951		22.4503				600		4.13E-05		41.3		9.57E-07				600		-19.4284		0.00176918				720		1.55E-05		15.5		5.77E-07				720		19.416		0.00845774

		ave		22.9		22.4						ave		41.4						ave		-19.4297								ave		15.6						ave		19.4155

		std dev		0.0		0.0						std dev		0.3						std dev		0.0023								std dev		0.2						std dev		0.0032

		90 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.9075		22.4531				0		4.53E-05		45.3		1.71E-06				0		-20.6701		0.0111243				120		9.50E-06		9.5		1.29E-06				120		20.6567		0.00517268

		300		22.9015		22.4526				180		4.55E-05		45.5		5.77E-07				180		-20.6726		0.00515202				300		9.50E-06		9.5		5.77E-07				300		20.658		0.0100724

		480		22.9103		22.4642				420		4.60E-05		46.0		1.15E-06				420		-20.6679		0.00552178				480		9.50E-06		9.5		5.77E-07				480		20.6559		0.010382

		660		22.9082		22.4683				600		4.63E-05		46.3		5.00E-07				600		-20.6715		0.005755				660		9.25E-06		9.3		9.57E-07				660		20.6574		0.00955458

		ave		22.9		22.5						ave		45.8						ave		-20.6705								ave		9.4						ave		20.6570

		std dev		0.0		0.0						std dev		0.4						std dev		0.0018								std dev		0.1						std dev		0.0008

		60 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		22.9211		22.4913				0		3.85E-05		38.5		1.29E-06				0		-22.0629		0.0104593				60		6.50E-06		6.5		1.29E-06				60		22.0464		0.00643402

		300		22.9219		22.5018				180		3.85E-05		38.5		1.00E-06				180		-22.0574		0.0101646				300		6.75E-06		6.8		5.00E-07				300		22.0499		0.00536408

		480		22.9232		22.5055				360		3.90E-05		39.0		8.16E-07				360		-22.0653		0.00375366				480		6.75E-06		6.8		5.00E-07				480		22.0467		0.00441928

		660		22.9193		22.5109				600		3.88E-05		38.8		5.00E-07				600		-22.0608		0.00329242				660		5.75E-06		5.8		9.57E-07				660		22.0509		0.0109142

		ave		22.9		22.5						ave		38.7						ave		-22.0616								ave		6.4						ave		22.0485

		std dev		0.0		0.0						std dev		0.2						std dev		0.0029								std dev		0.4						std dev		0.0020

		30 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.993		22.725				0		2.33E-05		23.3		9.57E-07				0		-23.1795		0.00827043				120		4.75E-06		4.8		5.00E-07				120		23.1602		0.00442531

		300		22.9933		22.7299				240		2.43E-05		24.3		9.57E-07				240		-23.1728		0.0163686				300		4.75E-06		4.8		5.00E-07				300		23.1604		0.00314696

		480		22.9943		22.7436				420		2.35E-05		23.5		1.29E-06				420		-23.1771		0.0122453				480		4.75E-06		4.8		5.00E-07				480		23.1619		0.00285365

		720		23.0005		22.7521				600		2.33E-05		23.3		5.00E-07				600		-23.1772		0.00181108				720		5.25E-06		5.3		5.00E-07				720		23.1605		0.00593605

		ave		23.0		22.7						ave		23.6						ave		-23.1767								ave		4.9						ave		23.1608

		std dev		0.0		0.0						std dev		0.4						std dev		0.0024								std dev		0.2						std dev		0.0007

		0 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.9987		22.7598				0		6.25E-06		6.3		5.00E-07				0		-23.6816		0.00554977				120		-3.00E-06		-3.0		1.41E-06				120		23.6683		0.00907818

		300		22.9995		22.767				180		6.75E-06		6.8		5.00E-07				180		-23.6852		0.00391365				300		-3.25E-06		-3.3		5.00E-07				300		23.667		0.00420317

		480		23.0015		22.7794				420		7.50E-06		7.5		5.77E-07				420		-23.6863		0.00239096				480		-2.50E-06		-2.5		5.77E-07				480		23.6659		0.00358515

		660		23.0051		22.7833				600		7.25E-06		7.3		5.00E-07				600		-23.6805		0.00583638				660		-1.75E-06		-1.8		9.57E-07				660		23.6656		0.00758947

		ave		23.0		22.8						ave		6.9						ave		-23.6834								ave		-2.6						ave		23.6667

		std dev		0.0		0.0						std dev		0.5						std dev		0.0024								std dev		0.6						std dev		0.0011





2,3,4,1

		

		2,3,4,1

		180 deg																																														x cntr		y cntr		Xgdl		Ygdl

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl				180		1.4		0.6		-18.4417		18.4238

		120		22.8943		22.3387				0		1.75E-06		1.8		5.00E-07				0		-18.4429		0.00671416				120		7.50E-07		0.75		5.00E-07				120		18.4245		0.0058458				150		8.8		-11.5		-18.7717		18.757

		300		23.0221		22.3413				240		1.50E-06		1.5		1.29E-06				240		-18.44		0.00363318				300		7.50E-07		0.75		5.00E-07				300		18.4209		0.00451184				120		15		-19.2		-19.6741		19.6602

		480		22.8933		22.3227				420		1.25E-06		1.3		9.57E-07				420		-18.4411		0.00557494				480		2.50E-07		0.25		5.00E-07				480		18.4235		0.00521888				90		18.6		-23.6		-20.9696		20.9527

		720		22.8863		22.3323				600		1.25E-06		1.3		5.00E-07				600		-18.4427		0.0032619				720		7.50E-07		0.75		9.57E-07				720		18.4264		0.00542955				60		18.1		-25.7		-22.3295		22.3129

																																														30		16.3		-19.1		-23.3425		23.324

		ave		22.9		22.3						ave		1.4						ave		-18.4417								ave		0.6						ave		18.4238						0		12		-7.9		-23.6783		23.6596

		std dev		0.1		0.0						std dev		0.2						std dev		0.0012								std dev		0.2						std dev		0.0020

		150 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		22.8719		22.3349				0		8.50E-06		8.5		5.77E-07				0		-18.7741		0.00350619				60		-1.20E-05		-12.00		1.41E-06				60		18.7567		0.00440908

		240		22.8765		22.332				180		9.25E-06		9.3		5.00E-07				180		-18.7718		0.00577812				240		-1.18E-05		-11.80		1.71E-06				240		18.7584		0.00919764

		480		22.8781		22.3372				360		8.50E-06		8.5		5.77E-07				360		-18.7685		0.00538393				480		-1.13E-05		-11.30		9.57E-07				480		18.7588		0.00632745

		660		22.8765		22.3377				540		8.75E-06		8.8		5.00E-07				540		-18.7722		0.00743864				660		-1.08E-05		-10.80		1.26E-06				660		18.754		0.00938136

		ave		22.9		22.3						ave		8.8						ave		-18.7717								ave		-11.5						ave		18.7570

		std dev		0.0		0.0						std dev		0.3						std dev		0.0020								std dev		0.5						std dev		0.0019

		120 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		22.8863		22.3467				0		1.53E-05		15.3		5.00E-07				0		-19.6759		0.00524722				60		-1.95E-05		-19.50		1.00E-06				60		19.6639		0.000822597

		300		22.8796		22.3364				180		1.45E-05		14.5		5.77E-07				180		-19.6744		0.00774597				300		-1.90E-05		-19.00		0				300		19.6602		0.00465152

		480		22.8758		22.3349				360		1.43E-05		14.3		5.00E-07				360		-19.6746		0.00654115				480		-1.90E-05		-19.00		8.16E-07				480		19.6597		0.00564122

		660		22.8786		22.3416				600		1.58E-05		15.8		5.00E-07				600		-19.6714		0.00842061				660		-1.93E-05		-19.30		1.26E-06				660		19.6569		0.00567891

		ave		22.9		22.3						ave		15.0						ave		-19.6741								ave		-19.2						ave		19.6602

		std dev		0.0		0.0						std dev		0.6						std dev		0.0016								std dev		0.2						std dev		0.0025

		90 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.8835		22.3524				60		1.78E-05		17.8		9.57E-07				60		-20.9683		0.00569532				120		-2.38E-05		-23.80		5.00E-07				120		20.9532		0.00537277

		360		22.8768		22.3454				240		1.90E-05		19.0		8.16E-07				240		-20.9708		0.00543691				360		-2.38E-05		-23.80		5.00E-07				360		20.9504		0.00493829

		540		22.8848		22.3593				420		1.85E-05		19.0		1.29E-06				420		-20.9695		0.00224499				540		-2.28E-05		-22.80		9.57E-07				540		20.9539		0.00503057

		720		22.8773		22.3537				660		1.83E-05		18.5		5.00E-07				660		-20.9697		0.00547327				720		-2.38E-05		-23.80		9.57E-07				720		20.9531		0.0076896

		ave		22.9		22.4						ave		18.6						ave		-20.9696								ave		-23.6						ave		20.9527

		std dev		0.0		0.0						std dev		0.5						std dev		0.0009								std dev		0.4						std dev		0.0013

		60 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		60		22.8781		22.3501				0		1.80E-05		18.0		0				0		-22.3316		0.00560089				60		-2.63E-05		-26.30		5.00E-07				60		22.3139		0.00433436

		240		22.8783		22.3434				180		1.85E-05		18.5		1.29E-06				180		-22.3303		0.00474131				240		-2.58E-05		-25.80		5.00E-07				240		22.3118		0.00206559

		480		22.8763		22.3495				360		1.80E-05		18.0		0				360		-22.3301		0.00531413				480		-2.60E-05		-26.00		8.16E-07				480		22.3111		0.00268576

		660		22.8634		22.3372				540		1.78E-05		17.8		5.00E-07				540		-22.3258		0.0110337				660		-2.48E-05		-24.80		5.00E-07				660		22.3146		0.00242418

		ave		22.9		22.3						ave		18.1						ave		-22.3295								ave		-25.7						ave		22.3129

		std dev		0.0		0.0						std dev		0.3						std dev		0.0022								std dev		0.6						std dev		0.0014

		30 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.8771		22.3537				0		1.60E-05		16.0		0				0		-23.3423		0.00310269				120		-2.00E-05		-20.00		8.16E-07				120		23.3257		0.0071638

		300		22.8722		22.3534				240		1.63E-05		16.3		5.00E-07				240		-23.3432		0.00322903				300		-1.93E-05		-19.30		5.00E-07				300		23.3242		0.0045971

		480		22.874		22.3583				420		1.65E-05		16.5		5.77E-07				420		-23.3436		0.00708143				480		-1.85E-05		-18.50		5.77E-07				480		23.3216		0.00157797

		720		22.8729		22.366				600		1.65E-05		16.5		1.29E-06				600		-23.341		0.00841645				720		-1.85E-05		-18.50		5.77E-07				720		23.3246		0.00473674

		ave		22.9		22.4						ave		16.3						ave		-23.3425								ave		-19.1						ave		23.3240

		std dev		0.0		0.0						std dev		0.2						std dev		0.0010								std dev		0.6						std dev		0.0015

		0 deg

		time		temp 1		temp 2				time		x		x microns		sigma x				time		x gdl		sigma xgdl				time		y		y microns		sigma y				time		ygdl		sigma ygdl

		120		22.8835		22.3707				0		1.15E-05		11.5		5.77E-07				0		-23.6763		0.00582266				120		-8.75E-06		-8.75		5.00E-07				120		23.6604		0.00216949

		300		22.8771		22.3609				180		1.20E-05		12.0		8.16E-07				180		-23.6803		0.00402119				300		-8.25E-06		-8.25		5.00E-07				300		23.6556		0.0052469

		480		22.8765		22.3681				420		1.25E-05		12.5		1.00E-06				420		-23.6835		0.00508691				480		-7.50E-06		-7.50		5.77E-07				480		23.66		0.00352657

		720		22.8714		22.3691				600		1.20E-05		12.0		8.16E-07				600		-23.6731		0.0109356				720		-7.00E-06		-7.00		0				720		23.6625		0.00422493

		ave		22.9		22.4						ave		12.0						ave		-23.6783								ave		-7.9						ave		23.6596

		std dev		0.0		0.0						std dev		0.4						std dev		0.0039								std dev		0.7						std dev		0.0025






_1061617177.doc
[image: image1.png]Permanent-Magnet Quad tfor PANDIRA) Cycle = il







Poles







Permanent



Magnets







Tuning



Rod












