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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.
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Since �p/p = ⇠ sin(k�s) we have that
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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.
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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.
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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.
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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.

3

And	
  average	
  over	
  betatron	
  phases	
  

�a = �2�p/p(�x0
k�

⌘

0
k

+ �x

k�

⌘

k

+ ↵(x
k�

⌘

0
k

+ x

0
k�

⌘

k

))

Now if the phase advance from pickup to kicker is 180 degrees, then x

k�

= �x

p�

and x

0
k�

= �x

0
p�

and

�a = 2�p/p(�x0
p�

⌘

0
k

+ �x

p�

⌘

k

+ ↵(x
p�

⌘

0
k

+ x

0
p�

⌘

k

))

= 2�p/p

�
⌘

0
k

(�x0
p�

+ ↵x

p�

) + ⌘

k

(�x
p�

+ ↵x

0
p�

)
�

= 2(�p/p)a

✓
⌘

0
k

(�
p

� sin ✓) + ⌘

k

(
cos ✓ � ↵ sin ✓p

�

)

◆

6 Cooling

Since �p/p = ⇠ sin(k�s) we have that

�a = 2a⇠ sin(k�s)

✓
⌘

0
k

(�
p

�

k

sin ✓) + ⌘

k

(
cos ✓ � ↵

k

sin ✓p
�

k

)

◆

�a = 2a⇠ sin

"
ka

 
M51

p
�

p

cos ✓ �M52
(↵

p

cos ✓ + sin ✓)p
�

p

!#✓
⌘

0
k

(�
p
�

k

sin ✓) + ⌘

k

(
cos ✓ � ↵

k

sin ✓p
�

k

)

◆

In the limit where k�s ⌧ ⇡/2, we can write that
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7 Longitudinal excitation

While the momentum shift �p/p is designed to damp the transverse motion, it is apparently adding noise
to the longitudinal. As long as sychrotron and betatron tunes are not related the average momentum shift
will be zero. Not a problem? If M56 is finite then

�s = (M51⌘ +M52⌘
0 +M56)�

�p/p = ⇠ sin(k(M51⌘ +M52⌘
0 +M56)�)

and there will be longitudinal cooling if the sign of ⇠ is chosen appropriately. But this in turn will add
uncorrelated noise into the transverse.
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