Fifth International Accelerator School for Linear Colliders, 25 October -5 November, Villars-sur-Ollon, Switzerland 

Homework for Lecture A4, Beam Delivery & beam-beam


Print your name here: 

There are four work-out problems and one multiple choice question. They are graded 20 points each. Highest total number of points is 100. For work-out problems, write the answer in the space below the task. For multiple choice questions, circle the correct answer. In either case, attach separate pages showing your calculations. 
1) Beam electrons with energy corresponding to magnetic rigidity B=500 T*m has the following vertical rms sizes and angular spread just in front of the final focusing quadrupole: y=100m and y’=2nrad. The final quadrupole length is LQ=1m and its gradient is G=100 T/m. Estimate the vertical beam size at the IP, assuming that the energy spread in the beam is zero, and the increase of the size for the 1E-3 energy spread.
2) Before arriving to the final quadrupole, the electron beam mentioned above, passes through horizontal bending magnet with field B=0.5T and length LB=10m. Synchrotron radiation in this bend result in the average energy loss and additional energy spread in the beam. Estimate:
a. Longitudinal shift of the beam waist due to the average energy loss

b. Increase of the vertical beam size in the waist due to energy spread

3) For the above mentioned beam
a. Estimate increase of the vertical beam size at the IP due to synchrotron radiation in the final quadrupole
b. Estimate, at what beam energy, with all other conditions the same, the beam size would about double due to synchrotron radiation in the quadrupole 
4) For the above described final quadrupole, which of the following arrangements of the sextupole near the quadrupole and of the dispersion would allow compensation of the final quadrupole vertical chromaticity (KS/KF is the ratio of the sextupole strength to the quadrupole strength):

a. Vertical dispersion =0.1m and sextupole with KS/KF =0.5m-1 ;

b. Horizontal dispersion =0.1m and sextupole with KS/KF =1m-1 ;

c. Horizontal dispersion =0.1m and sextupole with KS/KF =2m-1  

5) The beam described above has population N=1e10 electrons, length z=0.1mm and horizontal size at IP x*=500nm. For the particle of incoming positron bunch, estimate the number of emitted beamstrahlung photons per particle when: 
a. The oncoming positron has 10nm vertical offset with respect to electron bunch;
b. The oncoming positron has 100nm vertical offset with respect to electron bunch
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