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As part of the MI-30 upgrade 8 20 inch quads (RQME001 through 8) were removed from the tunnel and tuned to a different strength. The first step in this process was to mount the magnets on the MTF test stand B and use Morgan coil 860207 to measure the field. This is the same coil that was used in MP-9 to measure the magnets in production. Each magnet was measured with the same checklist and analyzed with the same programs as used in tuning at MP-9. Tests on other magnets indicate that both test stands agree to within 1 x 10–4 or 1 unit. There was also very good agreement with the 32 RQRA quads that were built in the fall of 1998 and put into storage until August of 2000. 

The RQRA magnets were all built in September of 1998 and a final tuning was done in February of 1999. The magnets were stored in TPL until August when they were brought MTF for re-work.  The relative gradient (grel) is defined to be:

Grel = (measured – ideal)/ ideal * 10,000

The measured difference in grel from August 2000 – February 1999 is 0.4  1.8 units. Figure 1 is a histogram of those data
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Figure 1

These magnets were stable in time since they were built and let to stabilize for six months before a final tuning. 

The bricks for the RQME magnets were all magnetized between June 10, 1998 and July 6, 1998. The magnets were then assembled in late June and early July and tuned up in early to mid July.  The measured difference in grel November 2000 minus July 1998 is     -25  5 units. Using the parameterization for time decay of magnets taken from RGF005-1 data

M2/M1 = -9 x 10-4 * log(t2/t1)

The expected decay in grel is –26 units. Figure 2 is a histogram for the grel difference
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Figure 2

It is to be expected that all the re-cycler magnets have decreased in strength by a similar amount. There appears to be no degradation due to radiation effects. The exact exposure is yet to be determined based on continue activity in beam pipe removed from one of the quads.

The sextupole and skew sextupole did not statistically vary from 0 but there were changes of 2 units in some magnets for both sextupole and skew sextupole. It should be noted that these values are normalized to the grel.

I leave it to the machine designers to determine if an overall decrease in field of 0.25% has a major effect on performance. In the future permanent magnets should be allowed to age for 6 months before final tune up to reduce aging effects.
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data

		01/95		grel		raw seq		norm sex		skew sex		norm octo		skew octo		norm 10 p		skew 10p		norm 12p		skew 12p		compens		temp		grel at 32.2 c				feb - sep diff

				units		number		units		units		units		units		units		units		units		units		units/c		degree c		units														7

																																										6

		RQRA001		0.92		2627703		-0.208		-0.522		-0.122		-0.017		0.244		0.070		0.342		0.335		0.284		20.4		0.00				0.00								1		5

		RQRA002		1.31		2634092		0.074		0.050		0.587		0.030		-0.495		0.236		0.838		-0.444		0.453		19.4		0.00				0.00								0.9		4

		RQRA003		-1.32		2632776		0.214		0.177		-0.663		0.036		-0.118		-0.586		0.794		0.165		-0.080		19.6		0.00				0.00								0.8		3

		RQRA004		1.41		2629886		0.840		0.282		-0.624		-0.022		1.063		0.297		0.347		-0.241		-0.048		21.0		0.00				0.00								0.7		2

		RQRA005		-0.84		2631697		-0.048		-0.672		-0.747		-0.246		-0.478		-0.967		0.048		0.272		-0.249		19.8		0.00				0.00								0.6		1

		RQRA006		0.31		2630577		0.185		0.436		-0.491		-0.013		-0.258		0.207		0.336		0.086		0.097		20.5		0.00				0.00								0.5		0

		RQRA007		0.97		2633178		0.444		0.357		0.505		0.011		-0.373		-1.573		-0.177		-0.177		-0.713		19.8		0.00				0.00								0.4		-1

		RQRA008		1.72		2631856		-0.569		0.237		0.139		-0.042		0.568		0.557		0.032		-0.035		-0.819		20.0		0.00				0.00								0.3		-2

		RQRA009		1.92		2631110		0.471		0.763		-0.375		0.007		0.053		-0.961		0.174		-0.186		-0.198		20.8		0.00				0.00								0.2		-3

		RQRA010		0.24		2630373		-0.203		0.038		-0.119		0.032		-0.220		-0.083		-0.135		0.083		0.788		20.6		0.00				0.00								0.1		-4

		RQRA011		0.84		2635239		0.554		0.040		0.073		-0.013		-0.865		-0.021		0.724		-0.404		-0.530		19.7		0.00				0.00								0		-5

		RQRA012		0.75		2633492		-0.192		-0.165		0.546		-0.009		-0.459		-0.143		0.043		0.238		0.059		19.5		0.00				0.00								-0.1		-6

		RQRA013		4.33		2628758		-0.276		0.384		-0.024		0.022		0.176		0.171		0.347		0.018		-0.439		21.3		0.00				0.00								-0.2		-7

		RQRA014		2.17		2627067		-0.260		-0.182		-0.306		-0.049		-0.332		0.178		0.386		-0.463		-0.910		20.4		0.00				0.00								-0.3

		RQRA015		1.98		2621181		-0.309		0.084		-0.831		-0.037		0.040		0.429		0.456		-0.133		0.006		21.8		0.00				0.00								-0.4

		RQRA016		-2.65		2634998		-0.466		-0.499		-0.394		-0.002		0.006		-0.128		0.286		-0.216		-0.233		19.6		0.00				0.00								-0.5

		RQRA017		3.68		2624729		0.484		-0.155		-0.398		0.062		0.330		0.010		0.479		-0.002		-0.310		22.0		0.00				0.00								-0.6

		RQRA018		1.59		2630169		0.687		0.065		0.378		-0.056		1.008		2.027		-0.008		-0.458		-0.600		20.9		0.00				0.00								-0.7

		RQRA019		-0.62		2632253		-0.084		-0.111		0.644		-0.016		-0.158		0.100		-0.417		0.291		-0.288		20.4		0.00				0.00								-0.8

		RQRA020		-0.49		2622544		0.197		0.043		-0.406		-0.093		0.555		-0.042		0.821		0.051		-0.315		20.7		0.00				0.00								-0.9

		RQRA021		-1.43		2632536		0.025		0.261		0.030		0.003		-0.477		1.057		0.634		-0.650		-0.722		20.3		0.00				0.00								-1

		RQRA022		-5.47		2624066		1.021		-0.916		0.310		0.073		0.829		-0.407		0.912		0.460		0.253		21.4		0.00				0.00								-1

		RQRA023		1.62		2632973		-0.608		0.491		0.635		0.020		-0.813		-0.686		0.740		-0.286		-0.650		19.8		0.00				0.00

		RQRA024		0.67		2631314		-0.073		-0.143		-0.404		-0.037		-0.123		-0.916		0.661		-0.223		-0.503		20.7		0.00				0.00

		RQRA025		1.64		2629438		-1		0.320		-0.450		-0.012		-0.659		1.220		1.183		-0.020		-0.559		21.5		0.00				0.00

		RQRA026		0.90		2628179		-0.323		0.336		-0.038		-0.010		-0.074		0.510		0.989		0.180		-0.367		20.6		0.00				0.00

		RQRA027		1.33		2625315		0.212		-0.668		-0.298		0.163		0.666		-1.027		0.787		-0.137		-0.340		22.4		0.00				0.00

		RQRA028		3.12		2630860		-0.428		-0.336		-0.088		0.113		1.617		-0.349		0.857		-0.180		-0.632		20.6		0.00				0.00

		RQRA029		3.03		2621727		-0.495		0.264		-0.618		-0.003		-0.391		1.722		0.516		-0.314		-0.288		21.0		0.00				0.00

		RQRA030		3.07		2626735		0.395		0.249		0.239		-0.028		-0.818		-0.750		0.262		-0.408		-0.219		22.7		0.00				0.00

		RQRA031		3.88		2629095		-0.360		-0.352		-0.917		-0.029		-0.902		-0.980		0.763		-0.290		-0.290		21.3		0.00				0.00

		RQRA032		-0.67		2634250		0.561		0.462		0.872		0.115		0.426		-0.310		1.065		-0.156		-0.389		19.4		0.00				0.00

		ID		grel		raw seq		norm sex		skew sex		norm octo		skew octo		norm 10 p		skew 10p		norm 12p		skew 12p		compens		temp		grel at 32.2 c				grel at 32.2 c

				units		number		units		units		units		units		units		units		units		units		units/c		degree c		units				units

		ave		0.00				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.0		0.00				0.00

		std dev		0.00				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.0		0.00				0.00

		max		0.00				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.0		0.00				0.00

		min		0.00				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.0		0.00				0.00

		# done		0																										# done

		08/96		grel		raw seq		norm sex		skew sex		norm octo		skew octo		norm 10 p		skew 10p		norm 12p		skew 12p		compens		temp		grel at 32.2 c				grel diff		sex diff		skw sex diff		oct diff		skw oct diff		10 p diff		skw 10 p diff		12p diff		skw 12p diff

				units		number		units		units		units		units		units		units		units		units		units/c		degree c		units

		RQRA001		-0.586		3586087		0.538		0.001		-0.102		0.021		-0.238		-0.088		0.355		0.32		0.284		22		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA002		3.182		3587732		-0.103		-0.161		0.605		0.056		-0.469		0.259		0.846		-0.438		0.453		21.4		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA003		-2.36		3603032		0.009		0.213		-0.736		0.059		-0.12		-0.552		0.798		0.165		-0.080		21.5		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA004		1.787		3588472		0.823		0.792		-0.76		0.004		1.062		0.272		0.352		-0.224		-0.048		21.6		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA005		0.965		3608725		-0.053		-0.364		-0.791		-0.204		-0.479		-0.963		0.053		0.298		-0.249		22.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA006		2.616		3606401		-0.351		0.509		-0.547		-0.056		-0.303		0.212		0.33		0.105		0.097		22.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA007		1.334		3593112		0.103		0.441		0.442		0.002		-0.379		-0.1582		-0.13		-0.149		-0.713		21.1		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA008		-0.356		3606028		-0.363		0.584		0.133		0.03		0.503		0.488		0.033		-0.025		-0.819		22.1		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA009		1.276		3593475		0.111		0.801		-0.271		-0.025		0.034		-0.969		0.199		-0.209		-0.198		21.3		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA010		1.689		3607957		-0.056		0.327		-0.169		0.012		-0.215		-0.1		-0.124		0.083		0.788		22.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA011		0.455		3596882		-0.798		-1.001		-0.104		-0.09		0.88		0.054		0.78		-0.469		-0.530		21.5		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA012		-0.608		3598327		-0.409		-0.589		0.39		0.021		0.408		0.208		0.067		0.215		0.059		21.3		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA013		7.536		3599983		-0.303		-1.466		-0.141		0.026		-0.215		-0.09		0.356		0.047		-0.439		21.4		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA014		2.192		3598743		-1.046		-1.25		-0.394		-0.02		0.317		-0.045		0.354		-0.443		-0.910		21.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA015		0.219		3599399		-0.118		-0.193		-0.912		0.047		0.059		-0.347		0.437		-0.033		0.006		21.6		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA016		1.782		3599753		0.183		0.118		-0.787		0.15		-0.047		0.089		0.317		-0.213		-0.233		21.4		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA017		4.299		3602229		3.408		-0.124		-0.365		0.08		0.357		-0.006		0.452		-0.017		-0.310		22.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA018		0.044		3609044		0.213		0.441		0.184		-0.073		1.085		2.02		0.064		-0.482		-0.600		22.7		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA019		-3.288		3600461		2.66		-1.952		0.901		0.196		-0.004		0.007		-0.391		0.259		-0.288		21.7		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA020		3.947		3609379		-1.742		0.142		-0.527		-0.067		0.502		-0.059		0.789		0.05		-0.315		22.5		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA021		0.668		3603482		-0.855		-0.056		0.043		0.031		-0.532		1.047		0.644		-0.617		-0.722		21.4		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA022		-5.692		3601478		0.453		-0.827		0.299		0.046		0.8		-0.422		0.948		0.488		0.253		21.9		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA023		-2.214		3605040		0.971		2.074		0.7		-0.307		-0.92		-0.715		0.779		-0.179		-0.650		21.9		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA024		1.434		3576011		0.095		-0.046		-0.438		-0.04		-0.104		-0.923		0.67		-0.233		-0.503		22.1		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA025		2.66		3601006		-1.059		0.902		-0.447		0.02		-0.748		1.131		1.187		-0.018		-0.559		21.3		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA026		-0.536		3609764		-0.46		0.521		0.069		-0.066		-0.247		0.489		0.989		0.264		-0.367		22.3		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA027		1.104		3610296		0.209		0.109		-0.3		0.15		0.687		-1.037		0.788		-0.141		-0.340		22.6		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA028		2.039		3605380		-0.321		-0.067		-0.097		0.148		1.62		-0.373		0.796		-0.137		-0.632		21.7		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA029		3.228		3611073		-1.04		0.982		-0.732		-0.007		-0.444		1.685		0.606		-0.24		-0.288		22.8		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA030		2.022		3611392		-0.322		0.32		0.22		-0.068		-0.884		-0.735		0.273		-0.422		-0.219		23.2		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA031		3.69		3602583		-0.634		-0.325		-0.967		-0.086		-0.945		-0.934		0.827		-0.297		-0.290		21.1		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		RQRA032		-2.101		3596079		0.063		0.334		0.756		0.112		0.384		-0.312		1.031		-0.16		-0.389		21.5		0.00				0.00		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		ave		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		ave		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		std dev		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		std dev		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		max		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		max		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		min		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		min		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00
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data

		

						Final Trim				J Volk

						Data				34394

		ID		seq #		grel				norm sex		skew sex		norm octo		skew octo		norm 10 p		skew 10p		norm 12p		skew 12p		compens		temp		grel at				ideal grels

						units				units		units		units		units		units		units		units		units		units/c		degree c		32.2units

		06/94

		RQME001		2247067		0.79				-0.08		-0.37		0.49		-0.05		0.21		0.27		0.15		0.47		-0.21		20.60		0.00

		RQME002		2105812		-2.59				0.69		-0.31		0.26		0.13		1.27		-0.06		-0.37		-0.47		0.44		21.10		0.00

		RQME003		2236932		1.949				0.17		-0.14		0.53		-0.13		0.38		-0.35		-0.41		0.23		0.56		24.23		0.00

		RQME004		2216995		-1.19				0.60		0.17		-0.86		0.04		-0.79		-0.52		-0.99		0.32		0.18		22.20		0.00

		RQME005		2246877		-0.53				-0.05		-0.66		-0.56		0.00		0.02		-0.21		-0.19		0.30		-0.22		24.40		0.00

		RQME006		2246227		-1.74				-0.27		-0.26		-0.63		0.06		-0.71		0.93		-0.35		0.17		0.80		22.20		0.00

		RQME007		2164612		1.20				-0.33		0.30		-0.24		-0.02		0.11		-0.41		-0.87		0.03		0.75		24.30		0.00

		RQME008		2246064		-3.32				0.03		0.11		0.55		-0.01		0.07		-0.30		-0.31		0.24		-0.77		22.50		0.00

		ID		seq #		grel		norm sex		skew sex		norm octo		skew octo		norm 10 p		skew 10p		norm 12p		skew 12p		compens		temp		grel at				ideal grels

						units		units		units		units		units		units		units		units		units		units/c		degree c		32.2units

		ave				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		std dev				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		max				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		min				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0.00

		10/96

		RQME001-1		3700841		-16.3		1.028		0.908		-0.978		1.685		-0.124		0.557		0.39		0.225		0.503

		RQME002-1		3701250		-28.44		0.616		0.83		0.962		-0.65		-0.059		1.356		-0.315		-0.259		-0.382

		RQME003-1		3701683		-28.41		10.29		-0.922		1.064		1.234		0.28		0.28		-0.475		-0.304		0.229

		RQME004-1		3702366		-21.06		-3.04		0.533		-0.99		-1.394		-0.146		-0.886		-0.307		-0.874		0.205

		RQME005-1		3702731		-23.91		-2.36		-2.193		-0.687		-0.776		0.187		-0.109		-0.133		-0.047		0.356

		RQME006-0		3703243		-25.13		-2.801		1.437		1.123		-0.253		0.083		-0.626		0.765		-0.15		0.261

		RQME007-0		3703562		-33.01		1.224		2.118		-1.334		0.888		-0.302		0.274		-0.406		-0.76		0.65

		RQME008-1		3705079-29.65		-29.645		5.065		-2.003		-1.581		0.095		-0.203		-0.175		-0.051		-0.284		0.321

		difference

		RQME001		3700841		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME002		3701250		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME003		3701683		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME004		3702366		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME005		3702731		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME006		3703243		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME007		3703562		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RQME008		3705079		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				ave		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				std dev		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				max		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				min		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00
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