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Introduction

A requirement of DRAGON experiments is to get a beam of particles to hit a target at the right position and at the right angle.  The beam particles react with the target, producing new particles, “recoils,” that travel in the same average direction as the impinging beam, but cover a much broader range of angles.  These recoils are detected when they hit a silicon detector some distance from the target.  It is necessary to have the beam of particles interact with the target at the right position and angle to maximize the number of recoils detected.  To ensure maximum detection, magnetic fields in the High Energy Beam Transport line (HEBT2) are used to tune the beam, that is adjusting the path of the beam to ensure proper position and angle at the DRAGON target.  An inherent problem is that there is no established method to tuning; it is a fancy way of fumbling with knobs until the operator gives the experimenter what he wants.  By investigating the relationship among 5 critical magnets we hoped an easier, reproducible method to tuning the beam may be found, thereby decreasing time lost in the experiment, and making life easier for the operators.

Background & Origin of Data


The magnets of interest were MB0 and MB1, the main magnets that direct the beam into the DRAGON apparatus, as well as XCB2, 4, and 6, small steering magnets for the beam in the DRAGON beam line.  MB0 and MB1 direct the beam from the High Energy Beam Transport line to the HEBT2 line and the DRAGON apparatus.  XCB2 is a small, fine steering magnet that is located after MB1, near the beginning of the HEBT2 beam line.  XCB4 is located near the middle and XCB6 near the end of HEBT2.


Dragon snap files, containing hourly and daily data relevant to the DRAGON beam line, were gathered from April 5th, 2003 to May 22nd, 2003.  Due to lack of information 31 files were omitted and the new range of data spread from April 6th, 2003 to May 6th, 2003.  The data of interest were the square root of the (requested) beam energy per run, the current values in XCB2-6, the sum of the currents in MB0 and MB1, and the asymmetry (MB0 and MB1 current difference divided by the current sum).

Analysis & Results

A combination of graphs were plotted that would identify relationships among 2 or 3 of the 5 magnets of interest at a time.  One such graph was the plot of the asymmetry in the MB0 and MB1 magnets, a ratio of the current differences over the current sum, against the current in the XCB2 steerer magnet.  These 3 magnets are the first group of magnets responsible for the beam position and direction as observed by the rotating profile monitor, RPM4, located downstream after XCB2 and before XCB4.  It was expected that any asymmetry would be correlated with a similar fluctuation in the XCB2 current.  If the MB0 and MB1 pair over-bend the beam, then XCB2 would correct it by the time the beam reaches RPM4.  A general trend was expected and a general linear trend was found, but with substantial deviations from the trend line.
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The corrected asymmetry (Asymmetry-0.011XCB2-0.0101) was then plotted against XCB6 current values.  This corrected asymmetry is a variable that should affect mainly the direction of the beam at the rotating profile monitor; it groups MB0, MB1, and XCB2 into one effective variable whose current values could be correlated with those of XCB6.  A general trend was expected, as with the asymmetry against XCB2, but none that were clear were found.


[image: image2.emf]Corrected Asymmetry vs. XCB6 Steerer Current

-0.0090

-0.0080

-0.0070

-0.0060

-0.0050

-0.0040

-0.0030

-0.0020

-0.0010

0.0000

0.0010

0.0020

0.0030

0.0040

0.0050

0.0060

0.0070

0.0080

0.0090

0.0100

-27.000-26.000-25.000-24.000-23.000-22.000-21.000-20.000-19.000-18.000-17.000-16.000-15.000-14.000-13.000-12.000-11.000-10.000-9.000-8.000-7.000-6.000-5.000-4.000-3.000-2.000-1.0000.0001.0002.0003.0004.0005.0006.0007.0008.0009.00010.000

XCB6 (A)

Corrected Asymmetry




The XCB2-6 steerer magnets help to tune the beam as far as direction and position on the target are considered.  It is expected that any steering done by one magnet is likely to require steering by one or both of the remaining magnets.  Hence, plots of XCB2 vs. XCB6 and XCB4 vs. XCB6 were expected to have some visible correlation. XCB2 showed no visible correlation with XCB6.  XCB4 showed some correlation, but was too vague to be of use.
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The final attempt to establish a correlation of some sort was the plot of the MB0 and MB1 current sum divided by the square root of the (requested) beam energy for each experiment run against the XCB2 steerer current.  The current sum over root energy should affect the angle and position of the beam at the rotating profile monitor; the beam deflection should be a product of the current settings of MB0, MB1, and XCB2.  The amount of current in MB0 and MB1 should be related to how much current there is in XCB2 as, for each experiment run, there is a total current value from MB0, MB1, and XCB2 that will result in the desired beam angle.  No useful correlation was found between the variables.
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Conclusion
After analyzing the data, it is reasonable to conclude that there is no simple correlation among the 5 magnets examined.  The HEBT2 beam line has a number of quadrupoles that all bend the beam and affect its position and direction at the target.  A relationship might be seen more easily when these magnets are taken into account.  Note that by doing so, things get very complicated very quickly leading into an analysis that is bound to cause (more than) a few headaches.  We can conclude that there is no easy, cookbook solution to beam tuning that can make life easier for the operators based on the data presented here.  To improve tuning either more devices are needed in the HEBT2 and/or DRAGON target, or a systematic study of HEBT2 (e.g. looking for quad steering) should be undertaken.
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		1.19		04/11/03		10:03		1.090871		219.009857		217.251617		436.261474		1.758240		-0.950170		0.336177		-24.113408		399.920238		0.004030								-0.200146		398.981137

		1.22		04/12/03		8:00		1.104536		222.241104		223.251114		445.492218		-1.010010		-1.446412		2.598453		-24.054270		403.329703		-0.002267								-0.614792		402.471563

		1.22		04/16/03		NA		1.104536		221.208065		219.480344		440.688409		1.727721		-0.962075		0.340389		-24.415522		398.980539		0.003921								-0.775112		399.816096

		1.25		04/17/03		12:47		1.118034		224.883168		223.475968		448.359136		1.407200		-0.973841		0.344552		-24.753306		401.024603		0.003139								-0.906782		403.053709

		1.31		04/20/03		8:20		1.144552		230.218994		228.779999		458.998993		1.438995		-0.996954		0.352729		-25.328390		401.029282		0.003135								-0.915809		402.652728

		1.32		04/21/03		14:41		1.148913		226.910004		235.678772		462.588776		-8.768768		-2.211290		-1.456452		-14.353220		402.631849		-0.018956								-0.924749		402.654804

		1.33		04/22/03		NA		1.153256		228.151901		237.908859		466.060760		-9.756958		-2.140431		-1.462001		-1.604047		404.125931		-0.020935								-0.929187		402.655898

		1.36		04/24/03		8:24		1.166190		236.487793		232.967317		469.455110		3.520476		-1.012015		-21.753616		-18.603898		402.554436		0.007499								-0.933604		402.657047

		1.38		04/24/03		21:00		1.174734		235.842667		233.834900		469.677567		2.007767		-0.775112		0.568963		-22.087763		399.816096		0.004275								-0.938028		402.662652

		1.41		04/25/03		8:13		1.187434		237.571394		235.548940		473.120334		2.022454		-0.132794		0.573134		-5.984929		398.439198		0.004275								-0.950170		399.920238

		1.44		04/26/03		13:42		1.200000		241.830060		241.135815		482.965875		0.694245		-0.614792		0.028600		-11.564335		402.471563		0.001437								-0.962075		398.980539

		1.50		04/27/03		19:56		1.224745		246.024728		246.249100		492.273828		-0.224372		-1.112423		-0.022524		-20.193911		401.939897		-0.000456								-0.973841		401.024603

		1.07		04/28/03		8:58		1.034408		208.253784		208.263702		416.517486		-0.009918		-0.938028		0.221411		-2.435774		402.662652		-0.000024								-0.979087		413.855236

		1.06		04/28/03		18:55		1.029563		207.273932		207.286871		414.560803		-0.012939		-0.933604		0.220373		-2.424358		402.657047		-0.000031								-0.996954		401.029282

		1.05		04/28/03		22:00		1.024695		206.293319		206.306197		412.599516		-0.012878		-0.929187		4.348361		-2.412888		402.655898		-0.000031								-1.002313		402.462198

		1.04		04/29/03		16:43		1.019804		205.308062		205.320879		410.628941		-0.012817		-0.924749		4.327593		-2.401364		402.654804		-0.000031								-1.012015		402.554436

		1.02		04/30/03		8:18		1.009950		203.323314		203.336007		406.659321		-0.012693		-0.915809		4.285758		-2.378150		402.652728		-0.000031								-1.047917		411.684263

		1.00		05/01/03		7:47		1.000000		201.318968		201.734741		403.053709		-0.415773		-0.906782		4.243509		-2.354706		403.053709		-0.001032								-1.112423		401.939897

		0.90		05/04/03		8:40		0.948683		195.369507		195.188477		390.557984		0.181030		-1.047917		9.236747		-4.140997		411.684263		0.000464								-1.446412		403.329703

		0.86		05/05/03		6:23		0.927362		186.338089		186.889999		373.228088		-0.551910		-1.002313		8.830000		4.149037		402.462198		-0.001479								-2.140431		404.125931

		0.81		05/06/03		17:26		0.900000		185.721619		186.748093		372.469712		-1.026474		-0.979087		8.830000		7.843304		413.855236		-0.002756								-2.211290		402.631849
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Sheet1

		ENERGY (MeV/u)		DATE		TIME		ROOT ENERGY		MB0 (A)		MB1 (A)		(MB0+MB1) (A)		(MB0-MB1) (A)		XCB2 (A)		XCB4 (A)		XCB6 (A)		(MB0+MB1)/ROOT ENERGY		(MB0-MB1)/(MB0+MB1)								XCB2 (A)		(MB0+MB1)/ROOT ENERGY

		1.08		04/06/03		11:30		1.039230		207.746674		205.309647		413.056321		2.437027		-0.185787		1.124120		0.233776		397.463630		0.005900								-0.132794		398.439198

		1.10		04/07/03		11:45		1.048809		210.468738		207.558914		418.027652		2.909824		-0.194821		-2.063077		-3.643588		398.573727		0.006961								-0.185787		397.463630

		1.11		04/08/03		10:00		1.053565		211.424266		208.552841		419.977107		2.871425		-0.195705		-2.072443		-3.660130		398.624629		0.006837								-0.194821		398.573727

		1.13		04/09/03		18:00		1.063015		213.756119		211.529831		425.285950		2.226288		-0.197538		-2.856195		-6.508443		400.075368		0.005235								-0.195705		398.624629

		1.16		04/10/03		8:52		1.077033		215.703506		214.012329		429.715835		1.691177		-0.200146		-2.893897		-6.594354		398.981137		0.003936								-0.197538		400.075368

		1.19		04/11/03		10:03		1.090871		219.009857		217.251617		436.261474		1.758240		-0.950170		0.336177		-24.113408		399.920238		0.004030								-0.200146		398.981137

		1.22		04/12/03		8:00		1.104536		222.241104		223.251114		445.492218		-1.010010		-1.446412		2.598453		-24.054270		403.329703		-0.002267								-0.614792		402.471563

		1.22		04/16/03		NA		1.104536		221.208065		219.480344		440.688409		1.727721		-0.962075		0.340389		-24.415522		398.980539		0.003921								-0.775112		399.816096

		1.25		04/17/03		12:47		1.118034		224.883168		223.475968		448.359136		1.407200		-0.973841		0.344552		-24.753306		401.024603		0.003139								-0.906782		403.053709

		1.31		04/20/03		8:20		1.144552		230.218994		228.779999		458.998993		1.438995		-0.996954		0.352729		-25.328390		401.029282		0.003135								-0.915809		402.652728

		1.32		04/21/03		14:41		1.148913		226.910004		235.678772		462.588776		-8.768768		-2.211290		-1.456452		-14.353220		402.631849		-0.018956								-0.924749		402.654804

		1.33		04/22/03		NA		1.153256		228.151901		237.908859		466.060760		-9.756958		-2.140431		-1.462001		-1.604047		404.125931		-0.020935								-0.929187		402.655898

		1.36		04/24/03		8:24		1.166190		236.487793		232.967317		469.455110		3.520476		-1.012015		-21.753616		-18.603898		402.554436		0.007499								-0.933604		402.657047

		1.38		04/24/03		21:00		1.174734		235.842667		233.834900		469.677567		2.007767		-0.775112		0.568963		-22.087763		399.816096		0.004275								-0.938028		402.662652

		1.41		04/25/03		8:13		1.187434		237.571394		235.548940		473.120334		2.022454		-0.132794		0.573134		-5.984929		398.439198		0.004275								-0.950170		399.920238

		1.44		04/26/03		13:42		1.200000		241.830060		241.135815		482.965875		0.694245		-0.614792		0.028600		-11.564335		402.471563		0.001437								-0.962075		398.980539

		1.50		04/27/03		19:56		1.224745		246.024728		246.249100		492.273828		-0.224372		-1.112423		-0.022524		-20.193911		401.939897		-0.000456								-0.973841		401.024603

		1.07		04/28/03		8:58		1.034408		208.253784		208.263702		416.517486		-0.009918		-0.938028		0.221411		-2.435774		402.662652		-0.000024								-0.979087		413.855236

		1.06		04/28/03		18:55		1.029563		207.273932		207.286871		414.560803		-0.012939		-0.933604		0.220373		-2.424358		402.657047		-0.000031								-0.996954		401.029282

		1.05		04/28/03		22:00		1.024695		206.293319		206.306197		412.599516		-0.012878		-0.929187		4.348361		-2.412888		402.655898		-0.000031								-1.002313		402.462198

		1.04		04/29/03		16:43		1.019804		205.308062		205.320879		410.628941		-0.012817		-0.924749		4.327593		-2.401364		402.654804		-0.000031								-1.012015		402.554436

		1.02		04/30/03		8:18		1.009950		203.323314		203.336007		406.659321		-0.012693		-0.915809		4.285758		-2.378150		402.652728		-0.000031								-1.047917		411.684263

		1.00		05/01/03		7:47		1.000000		201.318968		201.734741		403.053709		-0.415773		-0.906782		4.243509		-2.354706		403.053709		-0.001032								-1.112423		401.939897

		0.90		05/04/03		8:40		0.948683		195.369507		195.188477		390.557984		0.181030		-1.047917		9.236747		-4.140997		411.684263		0.000464								-1.446412		403.329703

		0.86		05/05/03		6:23		0.927362		186.338089		186.889999		373.228088		-0.551910		-1.002313		8.830000		4.149037		402.462198		-0.001479								-2.140431		404.125931

		0.81		05/06/03		17:26		0.900000		185.721619		186.748093		372.469712		-1.026474		-0.979087		8.830000		7.843304		413.855236		-0.002756								-2.211290		402.631849
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		ENERGY (MeV/u)		DATE		TIME		ROOT ENERGY		MB0 (A)		MB1 (A)		(MB0+MB1) (A)		(MB0-MB1) (A)		XCB2 (A)		XCB4 (A)		XCB6 (A)		(MB0+MB1)/ROOT ENERGY		(MB0-MB1)/(MB0+MB1)								XCB2 (A)		(MB0+MB1)/ROOT ENERGY

		1.08		04/06/03		11:30		1.039230		207.746674		205.309647		413.056321		2.437027		-0.185787		1.124120		0.233776		397.463630		0.005900								-0.132794		398.439198

		1.10		04/07/03		11:45		1.048809		210.468738		207.558914		418.027652		2.909824		-0.194821		-2.063077		-3.643588		398.573727		0.006961								-0.185787		397.463630

		1.11		04/08/03		10:00		1.053565		211.424266		208.552841		419.977107		2.871425		-0.195705		-2.072443		-3.660130		398.624629		0.006837								-0.194821		398.573727

		1.13		04/09/03		18:00		1.063015		213.756119		211.529831		425.285950		2.226288		-0.197538		-2.856195		-6.508443		400.075368		0.005235								-0.195705		398.624629

		1.16		04/10/03		8:52		1.077033		215.703506		214.012329		429.715835		1.691177		-0.200146		-2.893897		-6.594354		398.981137		0.003936								-0.197538		400.075368

		1.19		04/11/03		10:03		1.090871		219.009857		217.251617		436.261474		1.758240		-0.950170		0.336177		-24.113408		399.920238		0.004030								-0.200146		398.981137

		1.22		04/12/03		8:00		1.104536		222.241104		223.251114		445.492218		-1.010010		-1.446412		2.598453		-24.054270		403.329703		-0.002267								-0.614792		402.471563

		1.22		04/16/03		NA		1.104536		221.208065		219.480344		440.688409		1.727721		-0.962075		0.340389		-24.415522		398.980539		0.003921								-0.775112		399.816096

		1.25		04/17/03		12:47		1.118034		224.883168		223.475968		448.359136		1.407200		-0.973841		0.344552		-24.753306		401.024603		0.003139								-0.906782		403.053709

		1.31		04/20/03		8:20		1.144552		230.218994		228.779999		458.998993		1.438995		-0.996954		0.352729		-25.328390		401.029282		0.003135								-0.915809		402.652728

		1.32		04/21/03		14:41		1.148913		226.910004		235.678772		462.588776		-8.768768		-2.211290		-1.456452		-14.353220		402.631849		-0.018956								-0.924749		402.654804

		1.33		04/22/03		NA		1.153256		228.151901		237.908859		466.060760		-9.756958		-2.140431		-1.462001		-1.604047		404.125931		-0.020935								-0.929187		402.655898

		1.36		04/24/03		8:24		1.166190		236.487793		232.967317		469.455110		3.520476		-1.012015		-21.753616		-18.603898		402.554436		0.007499								-0.933604		402.657047

		1.38		04/24/03		21:00		1.174734		235.842667		233.834900		469.677567		2.007767		-0.775112		0.568963		-22.087763		399.816096		0.004275								-0.938028		402.662652

		1.41		04/25/03		8:13		1.187434		237.571394		235.548940		473.120334		2.022454		-0.132794		0.573134		-5.984929		398.439198		0.004275								-0.950170		399.920238

		1.44		04/26/03		13:42		1.200000		241.830060		241.135815		482.965875		0.694245		-0.614792		0.028600		-11.564335		402.471563		0.001437								-0.962075		398.980539

		1.50		04/27/03		19:56		1.224745		246.024728		246.249100		492.273828		-0.224372		-1.112423		-0.022524		-20.193911		401.939897		-0.000456								-0.973841		401.024603

		1.07		04/28/03		8:58		1.034408		208.253784		208.263702		416.517486		-0.009918		-0.938028		0.221411		-2.435774		402.662652		-0.000024								-0.979087		413.855236

		1.06		04/28/03		18:55		1.029563		207.273932		207.286871		414.560803		-0.012939		-0.933604		0.220373		-2.424358		402.657047		-0.000031								-0.996954		401.029282

		1.05		04/28/03		22:00		1.024695		206.293319		206.306197		412.599516		-0.012878		-0.929187		4.348361		-2.412888		402.655898		-0.000031								-1.002313		402.462198

		1.04		04/29/03		16:43		1.019804		205.308062		205.320879		410.628941		-0.012817		-0.924749		4.327593		-2.401364		402.654804		-0.000031								-1.012015		402.554436

		1.02		04/30/03		8:18		1.009950		203.323314		203.336007		406.659321		-0.012693		-0.915809		4.285758		-2.378150		402.652728		-0.000031								-1.047917		411.684263

		1.00		05/01/03		7:47		1.000000		201.318968		201.734741		403.053709		-0.415773		-0.906782		4.243509		-2.354706		403.053709		-0.001032								-1.112423		401.939897

		0.90		05/04/03		8:40		0.948683		195.369507		195.188477		390.557984		0.181030		-1.047917		9.236747		-4.140997		411.684263		0.000464								-1.446412		403.329703

		0.86		05/05/03		6:23		0.927362		186.338089		186.889999		373.228088		-0.551910		-1.002313		8.830000		4.149037		402.462198		-0.001479								-2.140431		404.125931

		0.81		05/06/03		17:26		0.900000		185.721619		186.748093		372.469712		-1.026474		-0.979087		8.830000		7.843304		413.855236		-0.002756								-2.211290		402.631849
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		ENERGY (MeV/u)		DATE		TIME		ROOT ENERGY		MB0 (A)		MB1 (A)		(MB0+MB1) (A)		(MB0-MB1) (A)		XCB2 (A)		XCB4 (A)		XCB6 (A)		(MB0+MB1)/ROOT ENERGY		(MB0-MB1)/(MB0+MB1)								XCB2 (A)		(MB0+MB1)/ROOT ENERGY

		1.08		04/06/03		11:30		1.039230		207.746674		205.309647		413.056321		2.437027		-0.185787		1.124120		0.233776		397.463630		0.005900								-0.132794		398.439198

		1.10		04/07/03		11:45		1.048809		210.468738		207.558914		418.027652		2.909824		-0.194821		-2.063077		-3.643588		398.573727		0.006961								-0.185787		397.463630

		1.11		04/08/03		10:00		1.053565		211.424266		208.552841		419.977107		2.871425		-0.195705		-2.072443		-3.660130		398.624629		0.006837								-0.194821		398.573727

		1.13		04/09/03		18:00		1.063015		213.756119		211.529831		425.285950		2.226288		-0.197538		-2.856195		-6.508443		400.075368		0.005235								-0.195705		398.624629

		1.16		04/10/03		8:52		1.077033		215.703506		214.012329		429.715835		1.691177		-0.200146		-2.893897		-6.594354		398.981137		0.003936								-0.197538		400.075368

		1.19		04/11/03		10:03		1.090871		219.009857		217.251617		436.261474		1.758240		-0.950170		0.336177		-24.113408		399.920238		0.004030								-0.200146		398.981137

		1.22		04/12/03		8:00		1.104536		222.241104		223.251114		445.492218		-1.010010		-1.446412		2.598453		-24.054270		403.329703		-0.002267								-0.614792		402.471563

		1.22		04/16/03		NA		1.104536		221.208065		219.480344		440.688409		1.727721		-0.962075		0.340389		-24.415522		398.980539		0.003921								-0.775112		399.816096

		1.25		04/17/03		12:47		1.118034		224.883168		223.475968		448.359136		1.407200		-0.973841		0.344552		-24.753306		401.024603		0.003139								-0.906782		403.053709

		1.31		04/20/03		8:20		1.144552		230.218994		228.779999		458.998993		1.438995		-0.996954		0.352729		-25.328390		401.029282		0.003135								-0.915809		402.652728

		1.32		04/21/03		14:41		1.148913		226.910004		235.678772		462.588776		-8.768768		-2.211290		-1.456452		-14.353220		402.631849		-0.018956								-0.924749		402.654804

		1.33		04/22/03		NA		1.153256		228.151901		237.908859		466.060760		-9.756958		-2.140431		-1.462001		-1.604047		404.125931		-0.020935								-0.929187		402.655898

		1.36		04/24/03		8:24		1.166190		236.487793		232.967317		469.455110		3.520476		-1.012015		-21.753616		-18.603898		402.554436		0.007499								-0.933604		402.657047

		1.38		04/24/03		21:00		1.174734		235.842667		233.834900		469.677567		2.007767		-0.775112		0.568963		-22.087763		399.816096		0.004275								-0.938028		402.662652

		1.41		04/25/03		8:13		1.187434		237.571394		235.548940		473.120334		2.022454		-0.132794		0.573134		-5.984929		398.439198		0.004275								-0.950170		399.920238

		1.44		04/26/03		13:42		1.200000		241.830060		241.135815		482.965875		0.694245		-0.614792		0.028600		-11.564335		402.471563		0.001437								-0.962075		398.980539

		1.50		04/27/03		19:56		1.224745		246.024728		246.249100		492.273828		-0.224372		-1.112423		-0.022524		-20.193911		401.939897		-0.000456								-0.973841		401.024603

		1.07		04/28/03		8:58		1.034408		208.253784		208.263702		416.517486		-0.009918		-0.938028		0.221411		-2.435774		402.662652		-0.000024								-0.979087		413.855236

		1.06		04/28/03		18:55		1.029563		207.273932		207.286871		414.560803		-0.012939		-0.933604		0.220373		-2.424358		402.657047		-0.000031								-0.996954		401.029282

		1.05		04/28/03		22:00		1.024695		206.293319		206.306197		412.599516		-0.012878		-0.929187		4.348361		-2.412888		402.655898		-0.000031								-1.002313		402.462198

		1.04		04/29/03		16:43		1.019804		205.308062		205.320879		410.628941		-0.012817		-0.924749		4.327593		-2.401364		402.654804		-0.000031								-1.012015		402.554436

		1.02		04/30/03		8:18		1.009950		203.323314		203.336007		406.659321		-0.012693		-0.915809		4.285758		-2.378150		402.652728		-0.000031								-1.047917		411.684263

		1.00		05/01/03		7:47		1.000000		201.318968		201.734741		403.053709		-0.415773		-0.906782		4.243509		-2.354706		403.053709		-0.001032								-1.112423		401.939897

		0.90		05/04/03		8:40		0.948683		195.369507		195.188477		390.557984		0.181030		-1.047917		9.236747		-4.140997		411.684263		0.000464								-1.446412		403.329703

		0.86		05/05/03		6:23		0.927362		186.338089		186.889999		373.228088		-0.551910		-1.002313		8.830000		4.149037		402.462198		-0.001479								-2.140431		404.125931

		0.81		05/06/03		17:26		0.900000		185.721619		186.748093		372.469712		-1.026474		-0.979087		8.830000		7.843304		413.855236		-0.002756								-2.211290		402.631849
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Sheet1

		ENERGY (MeV/u)		DATE		TIME		ROOT ENERGY		MB0 (A)		MB1 (A)		(MB0+MB1) (A)		(MB0-MB1) (A)		XCB2 (A)		XCB4 (A)		XCB6 (A)		(MB0+MB1)/ROOT ENERGY		(MB0-MB1)/(MB0+MB1)								XCB2 (A)		(MB0+MB1)/ROOT ENERGY

		1.08		04/06/03		11:30		1.039230		207.746674		205.309647		413.056321		2.437027		-0.185787		1.124120		0.233776		397.463630		0.005900								-0.132794		398.439198

		1.10		04/07/03		11:45		1.048809		210.468738		207.558914		418.027652		2.909824		-0.194821		-2.063077		-3.643588		398.573727		0.006961								-0.185787		397.463630

		1.11		04/08/03		10:00		1.053565		211.424266		208.552841		419.977107		2.871425		-0.195705		-2.072443		-3.660130		398.624629		0.006837								-0.194821		398.573727

		1.13		04/09/03		18:00		1.063015		213.756119		211.529831		425.285950		2.226288		-0.197538		-2.856195		-6.508443		400.075368		0.005235								-0.195705		398.624629

		1.16		04/10/03		8:52		1.077033		215.703506		214.012329		429.715835		1.691177		-0.200146		-2.893897		-6.594354		398.981137		0.003936								-0.197538		400.075368

		1.19		04/11/03		10:03		1.090871		219.009857		217.251617		436.261474		1.758240		-0.950170		0.336177		-24.113408		399.920238		0.004030								-0.200146		398.981137

		1.22		04/12/03		8:00		1.104536		222.241104		223.251114		445.492218		-1.010010		-1.446412		2.598453		-24.054270		403.329703		-0.002267								-0.614792		402.471563

		1.22		04/16/03		NA		1.104536		221.208065		219.480344		440.688409		1.727721		-0.962075		0.340389		-24.415522		398.980539		0.003921								-0.775112		399.816096

		1.25		04/17/03		12:47		1.118034		224.883168		223.475968		448.359136		1.407200		-0.973841		0.344552		-24.753306		401.024603		0.003139								-0.906782		403.053709

		1.31		04/20/03		8:20		1.144552		230.218994		228.779999		458.998993		1.438995		-0.996954		0.352729		-25.328390		401.029282		0.003135								-0.915809		402.652728

		1.32		04/21/03		14:41		1.148913		226.910004		235.678772		462.588776		-8.768768		-2.211290		-1.456452		-14.353220		402.631849		-0.018956								-0.924749		402.654804

		1.33		04/22/03		NA		1.153256		228.151901		237.908859		466.060760		-9.756958		-2.140431		-1.462001		-1.604047		404.125931		-0.020935								-0.929187		402.655898

		1.36		04/24/03		8:24		1.166190		236.487793		232.967317		469.455110		3.520476		-1.012015		-21.753616		-18.603898		402.554436		0.007499								-0.933604		402.657047

		1.38		04/24/03		21:00		1.174734		235.842667		233.834900		469.677567		2.007767		-0.775112		0.568963		-22.087763		399.816096		0.004275								-0.938028		402.662652

		1.41		04/25/03		8:13		1.187434		237.571394		235.548940		473.120334		2.022454		-0.132794		0.573134		-5.984929		398.439198		0.004275								-0.950170		399.920238

		1.44		04/26/03		13:42		1.200000		241.830060		241.135815		482.965875		0.694245		-0.614792		0.028600		-11.564335		402.471563		0.001437								-0.962075		398.980539

		1.50		04/27/03		19:56		1.224745		246.024728		246.249100		492.273828		-0.224372		-1.112423		-0.022524		-20.193911		401.939897		-0.000456								-0.973841		401.024603

		1.07		04/28/03		8:58		1.034408		208.253784		208.263702		416.517486		-0.009918		-0.938028		0.221411		-2.435774		402.662652		-0.000024								-0.979087		413.855236

		1.06		04/28/03		18:55		1.029563		207.273932		207.286871		414.560803		-0.012939		-0.933604		0.220373		-2.424358		402.657047		-0.000031								-0.996954		401.029282

		1.05		04/28/03		22:00		1.024695		206.293319		206.306197		412.599516		-0.012878		-0.929187		4.348361		-2.412888		402.655898		-0.000031								-1.002313		402.462198

		1.04		04/29/03		16:43		1.019804		205.308062		205.320879		410.628941		-0.012817		-0.924749		4.327593		-2.401364		402.654804		-0.000031								-1.012015		402.554436

		1.02		04/30/03		8:18		1.009950		203.323314		203.336007		406.659321		-0.012693		-0.915809		4.285758		-2.378150		402.652728		-0.000031								-1.047917		411.684263

		1.00		05/01/03		7:47		1.000000		201.318968		201.734741		403.053709		-0.415773		-0.906782		4.243509		-2.354706		403.053709		-0.001032								-1.112423		401.939897

		0.90		05/04/03		8:40		0.948683		195.369507		195.188477		390.557984		0.181030		-1.047917		9.236747		-4.140997		411.684263		0.000464								-1.446412		403.329703

		0.86		05/05/03		6:23		0.927362		186.338089		186.889999		373.228088		-0.551910		-1.002313		8.830000		4.149037		402.462198		-0.001479								-2.140431		404.125931

		0.81		05/06/03		17:26		0.900000		185.721619		186.748093		372.469712		-1.026474		-0.979087		8.830000		7.843304		413.855236		-0.002756								-2.211290		402.631849






