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Accelerating cavities
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𝑑𝑣
𝑑𝛿 = 𝐸

𝑑𝑣
𝑑𝐸 = 𝛾

𝑑𝑣
𝑑𝛾 = 𝑐𝛾

𝑑 1 − 1
𝛾!

𝑑𝛾 =
𝑐
𝛾!𝛽



!"#$%&'#(()*+"**"$,-#$."//&"01222222222222222!$+01+*"2344"/"$+*#$2567)84)2222222222229:53:2)1;;"$2<=<>Georg.Hoffstaetter@Cor
nell.edu

700#"'(,#+$1)*('24()&$+
81'#)'(&$

S!"#4!$#6&"=#2'199#A%12&2#!4&#5144!$#974&1"7N&.

( )00
ˆ cos)cos(
0

F-+F= fd
E
E

ds
d

d
g

wf
2
0

3
0

2

v
c

ds
d

-»

( )

HH
v
cH

dt
d

dt
d

K
Eq s

fd df

d
g

wffdf

¶
¶

¶
¶ -==

-F-+F-=

,

cos)sin(),( 2
2
0

3
0

2

000



!"#$%&'#(()*+"**"$,-#$."//&"01222222222222222!$+01+*"2344"/"$+*#$2567)84)2222222222229:53:2)1;;"$2<=<>Georg.Hoffstaetter@Cor
nell.edu

9&:($'1)(&)+01%+$1)*('24()&$+:1'(1)

( ) 000 sincos)cos(
00

F-»F-+F= K
Eq

K
Eq ss

ds
d ffd

( )

( )002
0

3
0

2

002
0

3
0

2

2
0

3
0

2

2

2

cos)sin(

cos)cos(

0

0

F-+F-=

F-+F-=-»

ff
g

w
f

f
g

wd
g

wf

K
Eq

K
Eq

s

s

v
c

d
d

v
c

ds
d

v
c

ds
d

V88&5$76&#A!$&4$719



!"#$%&'#(()*+"**"$,-#$."//&"01222222222222222!$+01+*"2344"/"$+*#$2567)84)2222222222229:53:2)1;;"$2<=<>

31)*('24()&$+-'&5($('6
!"#"$"%&"'()$*+&,"-

0
0 cosˆ F= E

ds
dE

.*)/+,+*0'#1$'23),,'(4)2"2'54"%'*4"'#)&*1$'1%'*4"'$+64*74)%8'2+8"'+2'%"6)*+9":

;*4"$'()$*+&,"2- F= cosÊ
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Accelerating longitudinal phase space
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tune
emittance

damped
emittance

1) Energy emission:
    Damping of the beam size
2) Stochastic emission:
    Excitation of the beam size

Radiative damping of the transverse emittance
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Generation of the emittance

Path for design energy

Path for smaller energy

Photon

Dispersion:
closed path for an
off-energy particle

Smaller dispersion Smaller emittance

Radiative excitation of the transverse emittance
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1) Energy emission:  Particles with larger energy radiate more, leading them closer to the average energy.

2) Stochastic emission: Random noise in the energy of emitted photons lead to an energy spread.

The equilibrium of the two effects leads to an equilibrium longitudinal emittance.

The damping time is the time it takes to radiate off the energy of the beam, while it is kept at constant 
energy with RF cavities. It is usually a few 100 revolutions.

During this damping time the beam forgets its history, particle coordinates are reshuffled within the beam.

Radiative damping of the longitudinal emittance
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Radiative production by electrons
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Radiative production in undulators
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Coherent addition of radiation
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Coherent addition at angles
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Radiation production at angles
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Lasing at the JLAB FEL
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Radiative from bending magnets
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Photon flux from bends and undulators
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The umbrella of N-pole undulator radiation
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The umbrella of N-pole undulator radiation
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The umbrella of N-pole undulator radiation
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Brightness reduction by beam properties
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Brightness reduction by beam properties
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Brightness reduction by beam properties
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Brightness reduction by beam properties


