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Abstract
ASTA gun energy measurements have been arrived at using a small corrector magnet and the gun solenoids. A previous analysis models the corrector magnet with an effective field length and peak field. In the analysis presented here, a test particle is tracked from the center of the cathode to the YAG screen location. The longitudinal momentum is optimized to match the measured deflection.
Corrector Magnet
The corrector magnet is made of 4 coils wrapped around steel posts. There is not flux return. A measurement of the field profile has been made. Figure 3 is the normalized field profile for several different excitations of the vertical steering coils. 
A fit to the data using the function,
	
	(1)


with  being the fit parameters is also shown in Figure 3. The fit parameters and calculated magnet integrals are presented in Table 1 for both vertical and horizontal coil excitations. The magnet integrals are,  
and
for normalized distributions.

	Table 1: Fit parameters and magnet integrals for horizontal and vertical coil excitations. Units are in meters.

	
	
	
	
	
	

	Horz.
	2.18681
	216.748
	2967.79
	0.128
	0.0268

	Vert.
	1.38404
	288.898
	2161.34
	0.130
	0.0279



Using the normalized profile requires the functional dependence of the peak magnetic field. Figure 1 shows the functional dependence for the vertical excitation data. Since the data is taken after first removing any residual magnetization, only the slope is used to determine the magnetic field in the tracking code. Table 2 has the slope and intercepts for the horizontal and vertical peak magnetic field data
	[image: ]

	Figure 1: The data is enough to suggest only a straight line that includes a residual field of less than 10 Gauss.



	Table 2: Line fits to the peak magnetic field data.

	
	Slope[Gauss/A]
	Intercept[Gauss]

	Horz.
	10.26558135
	7.192747953

	Vert.
	11.0310471
	4.670250426


Deflection Data
There are several data sets available for analysis. The data sets chosen here all have residual magnetic fields removed and the beam spot minimized at the YAG screen by adjusting the gun solenoids. Only the phase of the gun RF with respect to the laser is different between the data sets considered. In the final set of horizontal excitation data the gun RF phase was set in a consistent and known manner. Regardless, the data sets have several common features that can be demonstrated with the vertical excitation data taken on 2/12/14.
	[image: ]

	Figure 2: The derivative is found by splining the data.


 Aberrations
The excitation data does not have a consistent deflection with respect to the change in current. As seen in Figure 2, the derivative of the deflection with respect to excitation current has a zero slope only for positive current excitations. This can also be seen as an aberration in Figure 4 where the deflection points are labelled with the excitation current.
One possible explanation for this phenomenon is spherical aberrations in the optical path used for viewing of the YAG screen.
	[image: ]

	Figure 4: The points are labelled with the corrector excitation current in Ampere.


Rotations
No Single rotation explains both the vertical and horizontal deflection data. Taking into account only the positive excitation current data, the vertical data contains approximately an -2 degree rotation while the horizontal data contains approximately an -4 degree rotation. This is a remaining puzzle as the horizontal and vertical correctors should have the same rotation with respect to the YAG screen.
	[image: ]

	Figure 3: The profile data was taken with a Hall probe and the corrector magnet mounted on a G10 tube.


Tracking
Tracking is done using the 4th order Runge-Kutta to integrate the equations of motion. Only the bending field is taken into account and there has been no attempt to derive or measure the other field components.
A simple one component deflection is calculated using the distance formula. The magnetic field is simulated as described earlier. The optimum longitudinal momentum that gives the deflection is found.
	[image: ]

	Figure 5: The beam momentum is not a function of the corrector excitation current. Acceptable data is found for positive excitations.


As can be seen in Figure 5, the optimum momentum is changing with the corrector excitation current. This is unphysical and can be traced to the aberrations already described in the deflection data. All data sets exhibit this trend to some extent.
	[image: ]

	Figure 6: Kinetic Energy results from two different analyses and cathodes.


Results
There are several analyses of this data. Figure 6 shows two different analyses based on the corrector magnetic field. The “Effective Field Length” analysis treats the corrector as a bulk dipole and gives results that are 30% larger at an RF gun cavity power of 3.42MW than results from tracking the particle through the dipole field profile. Trends in the data are reflected in both analyses and the difference could be attributed to different estimates of the magnetic field. However, that seems unlikely since then the magnetic field of the corrector would be dependent on the RF gun cavity power. Table 3 has the tracking results for the coated cathode data.
	Table 3: H100 deflection data with coated cathode.

	N:GCVFP [MV]
	K.E. [MeV]]
	Std. Dev. [MeV]

	0.7145
	1.56
	0.042

	1.03
	1.93
	0.023

	1.47
	2.40
	0.052

	2.02
	2.80
	0.055

	2.65
	3.21
	0.012

	3.42
	3.74
	0.065
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Normalized Vertical Field Profile
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Kinetic Energy from H100 Deflection

 Tracking Result - Coated
# Tracking Result - Uncoated

A Effective Field Length - Uncoated
Effective Field Length - Coated

s
]
2
]
c
i
2
=1
]
£
M

15 2 25

RF Gun Cavity Power [MW]





image1.png
Bpk(Gauss)

V=11031x+ 46703 &
R2-09835

w
A
5
1

1)

z

2
i
@

=
8
&

4

Excitation (A)





