
LONGITUDINAL BUNCH SHORTENING FOR THE LASER STRIPPING 
PROJECT* 
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The overlap between the laser and the H0 bunch must be 
good enough for high efficiency interaction between two 
beams and, hence, the longitudinal FWHM of the H0 
beam should be smaller than 55ps. Figure 2 shows 
simulation of H0 efficiency excitation as a function of H0 
longitudinal size for the given length of the laser pulse 
FWHM = 55ps.    
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After extensive theoretical, empirical studies and 
experimental optimizations we decided to set the last 10 
cavities to the following phase shifts: 
{45,45,45,45,45,45,off,off,-90,-90}, where 6 cavities 
make medium acceleration along with longitudinal 
defocusing-inflation and the last two cavities make no 
acceleration and a strong focusing kick to the interaction 
point. This focusing  configuration of the linac 
has an output energy about 50-70 MeV less than the 
default accelerating phases shown in Fig. 3. For the laser 
stripping experiment we expect to achieve maximum 
beam energy of 1070 MeV that will drop to the design 
energy of 1000 MeV after the longitudinal tuning. 

 
For the calculations in this paper we used the PyOrbit 

accelerator code, which was developed at SNS. This code 
tracks particles through the SNS linac lattice and shows 
the nonlinear behavior of the bunch compared to a linear 
envelope tracking codes. Figure 6 compares tracking of 
the same input bunch with the same conditions through 
PyOrbit and XAL. Both programs agree at the beginning 
of the linac for a small bunch size that stays linear, but 
then disagree when it becomes large in comparison to the 
RF period of oscillation. 

 

 

 
As a result, the XAL predicts unphysically small beam 
sizes at the interaction point, while the PyOrbit gives 
limited minimum and optimal configuration for the 
minimum. 

 
The optimal phase configuration 
{45,45,45,45,45,45,off,off,-90,-90}, was found 
empirically. The fine-tuning of the shortest bunch at the 
interaction point has been realized by scanning the 
amplitude of the last cavity. In this way we can 
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experimentally change the focusing strength of the cavity 
and achieve the smallest longitudinal bunch size at the 
interaction point. Figure 7 shows PyOrbit simulations and 
BSM measurements as a function of the last cavity 
amplitude. This shows that PyOrbit predicts optimum 
cavity amplitude with precision of 0.1 or 10%.  
 

 

 

Figure 8 shows one of the best cases for a short bunch 
measured by the BSM. The rms bunch width is about 3 
degrees.  
 

 

 

In this way we achieved the longitudinal bunch length of 
about 3-degree rms or 25 ps FWHM that corresponds to 
90% laser stripping efficiency using Figure 2. 

 
The default operation peak beam current of SNS is 30-

40 mA. The space charge of the H- bunch for this current 
limits its focusing capabilities compared to the results of 
Figure 5 with no space charge. We could successfully  
achieve a short bunch only after reducing the beam 

current to 1 mA, using a beam aperture. Figure 9 shows 
the longitudinal bunch size as a function of its current at 
the interaction point. 
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A method for H- bunch shortening has been developed, 

and the longitudinal bunch size at the laser striping 
interaction point for 90% stripping efficiency has been 
achieved. The focusing configuration set-up is repeatable. 
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