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L0a Solenoid (SOL2) Physics requirements 
 
Functionality 
The second solenoid (SOL2) of the injector beamline is wrapped around the beginning of the first 
linac structure L0a. It will be located as close as possible to the input coupler (and the waveguide of 
L0a).  
This solenoid is used to complete emittance compensation. It helps reduce the emittance by another 
10-15% for the nominal 1-nC tuning.  
Great care has to be paid to the field quality as this improvement in emittance should not be 
deteriorated by the presence of higher order fields. These tolerances are given in Table 1.  
 
This magnet does not required trim coils and does not require a bipolar power supply. 
 
A dipole corrector pair package (XC02/YC02) will be located after the solenoid, far enough so that 
the solenoid field will be weak enough not to induce rotation of the beam in the corrector. The 
center of this corrector package will be at a z location ≥ 265 cm from the cathode.  
 
The focal length of the magnet and the location of its rising edge are the critical parameters.  
 
The focal length is given in Table 1.  It was computed using formula (1) and a 16MV/m gradient 
and the map of field shown in figure 1.  
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The rise/fall time of the field of the magnet should exceed the normalized value d(Bz/max(Bz)) dz 
of 7 m-1 since the location and slope of the rising field is critical. The magnet to be built should have 
the maximum of the rising slope at less than 156cm from the cathode.   
Emittance computations were done using a simulated magnet having a ~24-cm effective length. 
This magnet map, shown in figure1, would give a satisfactory solution. So its parameters figure in 
Table 1. Figure 1 also shows that the optimal longitudinal location has been chosen to have the 
center of the magnet at 165.4 cm from the cathode for that simulated magnet. This position is as 
close as possible to the L0a input cell as mechanical constraints allow.  
 

 
   (a)    (b) 
Figure1- (a) Field profile used in PARMELA simulations  
(b) Derivative of field profile  
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Parameters 
 
Parameter Value  Unit 
Focal length Nominal/Minimum   0.65/0.33  m 
Effective Length of magnet  (1) 0.237  m 
Maximum Integrated field ∫ Bz dz (1) 0.6 kG-m  
Nominal/Maximum on-axis field (1) 1.5/ 2.1 kG 
Accuracy of Set Point  1 % 
rms Fast Stability   0.1 %  
Drift over 24 hours 0.1 % 
Maximum Integrated Dipole component(2) 0.5 G.m 
Maximum Integrated Quadrupole component(2) 6 G 
Maximum Integrated Sextupole component 30 G.m−1 
Transverse rms Vibration tolerance  (3) < 0.5  µm 
Alignment tolerance transverse position x,y  250 µm 
Alignment tolerance longitudinal position z <2 mm 
Alignment tolerance in angle (pitch, yaw) 250 µrad 
Table 1 :  
(1) Data corresponding to particular case of magnet map simulated  
 (2) at all operating points, including when magnet is off  
(3) for frequencies > 1Hz specified in [1] 
 
 
Magnetic Measurements 
A measurement plan will have to be written which will describe the two following tasks: 
1) in the magnet laboratory  
Measurements will be performed with rotating coil to determine the amplitude and phase of dipole, 
quadrupole and sextupole components.  
If the measurement shows that those multipole terms exceed the specifications, the magnet will have 
to be corrected, for instance with iron shim  
2) in situ 
No mirror plates are required a priori, but no simulations could be made which supported that 
statement. So measurements will have to be done.  
After installation, one will verify that the field from SOL2 does not leak into the BXG magnet.  
With the BXG magnet off, SOL2 will be increased to its peak value and Hall probe measurements 
will be performed along the straight path of the injector beam which is surrounded by BXG. 
Should the field leak into BXG, mirror plates would need to be added to SOL2.  
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