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σ wσ pw ≥  2 and εnw = σ wσ pw m0c = βγ σ w ′ σ w ⇒ εnw ≥ λCompton 4π w = x,y,z
λCompton ≡ Compton wavelength = h m0c = 2.426 pm for electrons,

εnw ≡ normalized emittance, ′ w = dw ds
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Light Optics	
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Charge Particle Optics	



B , L	



x	



p	

 p	



Deflection angle = eBL/cp	



Prism	

 Bend magnet	



x	

 y	


Lens	



n , R	



Quadrupole lens	


x	

 y	



p	

k	



G , L	





Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

15 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

16 

v ≈ c	



y	



x	


b	



z	



q	



z(t)	





Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

17 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

18 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

19 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

20 

v	



v	





Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

21 

wavefront 

particle 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

θF/2	

ρ	



λ/2π	



O	

 T	



P	



particle 

wavefront 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

θF/2	

ρ	



λ/2π	



O	

 T	



P	



wavefront 

particle 

H	



A	





Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

24 

wavefront 

particle 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

25 

n1	


n2	



̃1/γ	





Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

26 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

27 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

28 

Lo
g 

B
rig

ht
ne

ss
 

Log Frequency 

Single passage 
spectrum 

Coherent 
component 

Average 
Spectrum 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

29 

Coherent term Incoherent term 
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P(x,y,z) 

L z 
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-7.5 -5 -2.5 2.5 5 7.5 10 x , mm 2 ´ 10 11 4 ´ 10 11 6 ´ 10 11 8 ´ 10 11 

-40 -20 20 40 x , mm 1 ´ 10 10 2 ´ 10 10 3 ´ 10 10 4 ´ 10 10 5 ´ 10 10 6 ´ 10 10 

One BM Edge (A): 

Two BM Edges (B): 

One BM Edge (A): 

Two BM Edges (B): 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

32 



Short Bunches in Accelerators– USPAS, Boston, MA 21-25 June 2010 

33 


