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We used the Bessel integral

J

n

(x) =
1

⇡

Z
⇡

0
cos(n⌧ � x sin(⌧))d⌧ =

1

⇡

Z
⇡

0
(cos(n⌧) cos(x sin ⌧) + sin(n⌧) sin(x sin ⌧)) d⌧

Optimum cooling is realized when ✓0 + ✓
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There is cooling as long as J1(kAx
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thus determining the maximum transverse and longitudinal betatron amplitudes that can be cooled. Or we can
write that
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For small x, J1(x) ⇠ x

2 and J0(x) ⇠ 1. In that limit Equation 28 becomes
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Recall
�p

p

= ⇠ sin(k�s).

The most e↵ective damping requires that the power in the kicker undulator be su�cient to change the fractional
electron energy by 1 part in 105 or 3 keV for a 300 MeV electron beam. Constraints on the design of the optics of
the bypass and lattice are:

1. Minimize equilibrium emittance. amax

x

=
p
✏

max

x

is the maximum transverse amplitude that will be cooled.
The equilibrium emittance from radiation damping is necessarily less than ✏

max

x

if most of the particles are
to be cooled. Ideally ✏

max

x

> n✏

x

where n 2. (Equation 29)
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1 Optical Cooling

Consider optical stochastic cooling using dependence on transit time through the bypass to couple transverse and
longitudinal phase space in the pickup to phase in the kicker. The packet emits radiation in the pickup undulator
that will arrive in the kicker with some relative phase � = k�s, where k is the wavenumber of the characteristic
undulator radiation and �s = s� s0 is the change in path length through the bypass. The interaction of the
packet with the radiation in the kicker shifts its energy by

�p/p = ⇠ sin(�) = ⇠ sin(k�s). (1)

In order to e↵ect cooling, the phase is necessarily correlated with the phase space coordinate of the packet in the
kicker, �(~x

p

). That is, the phase depends ~x
p

. The linear dependence of �s on ~x

p

is written
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0
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where M is the 6X6 transfer matrix from the center of the pickup undulator to the center of the kicker. Since
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Next we write phase space coordinates at the pickup in terms of betatron amplitude and phase
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and likewise at the kicker for future reference
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1 Optical Cooling

Consider optical stochastic cooling using dependence on transit time through the bypass to couple transverse and
longitudinal phase space in the pickup to phase in the kicker. The packet emits radiation in the pickup undulator
that will arrive in the kicker with some relative phase � = k�s, where k is the wavenumber of the characteristic
undulator radiation and �s = s� s0 is the change in path length through the bypass. The interaction of the
packet with the radiation in the kicker shifts its energy by
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✏ = Cq�
2 I5
I2

<latexit sha1_base64="+o75mPiLioFCGOrO76jpV0A2nto=">AAACDnicbVDLSgMxFM34rPU16tJNsBRclZmi6EKh0I3uKtgHdMYhk2ba0CQzJhmhDP0CN/6KGxeKuHXtzr8xbWehrQfu5XDOvST3hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTDYX3itx+IVDQWt3qUEJ+jvqARxUgbKbDLHkkUZbGAl7Ae3Ht9xDm6q3qRRDi7Dk7HplXHgV1yKs4UcJG4OSmBHI3A/vJ6MU45ERozpFTXdRLtZ0hqihkZF71UkQThIeqTrqECcaL8bHrOGJaN0oNRLE0JDafq740McaVGPDSTHOmBmvcm4n9eN9XRuZ9RkaSaCDx7KEoZ1DGcZAN7VBKs2cgQhCU1f4V4gEwS2iRYNCG48ycvkla14joV9+akVLvI4yiAQ3AEjoELzkANXIEGaAIMHsEzeAVv1pP1Yr1bH7PRJSvfOQB/YH3+ADVSm4s=</latexit><latexit sha1_base64="+o75mPiLioFCGOrO76jpV0A2nto=">AAACDnicbVDLSgMxFM34rPU16tJNsBRclZmi6EKh0I3uKtgHdMYhk2ba0CQzJhmhDP0CN/6KGxeKuHXtzr8xbWehrQfu5XDOvST3hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTDYX3itx+IVDQWt3qUEJ+jvqARxUgbKbDLHkkUZbGAl7Ae3Ht9xDm6q3qRRDi7Dk7HplXHgV1yKs4UcJG4OSmBHI3A/vJ6MU45ERozpFTXdRLtZ0hqihkZF71UkQThIeqTrqECcaL8bHrOGJaN0oNRLE0JDafq740McaVGPDSTHOmBmvcm4n9eN9XRuZ9RkaSaCDx7KEoZ1DGcZAN7VBKs2cgQhCU1f4V4gEwS2iRYNCG48ycvkla14joV9+akVLvI4yiAQ3AEjoELzkANXIEGaAIMHsEzeAVv1pP1Yr1bH7PRJSvfOQB/YH3+ADVSm4s=</latexit><latexit sha1_base64="+o75mPiLioFCGOrO76jpV0A2nto=">AAACDnicbVDLSgMxFM34rPU16tJNsBRclZmi6EKh0I3uKtgHdMYhk2ba0CQzJhmhDP0CN/6KGxeKuHXtzr8xbWehrQfu5XDOvST3hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTDYX3itx+IVDQWt3qUEJ+jvqARxUgbKbDLHkkUZbGAl7Ae3Ht9xDm6q3qRRDi7Dk7HplXHgV1yKs4UcJG4OSmBHI3A/vJ6MU45ERozpFTXdRLtZ0hqihkZF71UkQThIeqTrqECcaL8bHrOGJaN0oNRLE0JDafq740McaVGPDSTHOmBmvcm4n9eN9XRuZ9RkaSaCDx7KEoZ1DGcZAN7VBKs2cgQhCU1f4V4gEwS2iRYNCG48ycvkla14joV9+akVLvI4yiAQ3AEjoELzkANXIEGaAIMHsEzeAVv1pP1Yr1bH7PRJSvfOQB/YH3+ADVSm4s=</latexit><latexit sha1_base64="+o75mPiLioFCGOrO76jpV0A2nto=">AAACDnicbVDLSgMxFM34rPU16tJNsBRclZmi6EKh0I3uKtgHdMYhk2ba0CQzJhmhDP0CN/6KGxeKuHXtzr8xbWehrQfu5XDOvST3hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTDYX3itx+IVDQWt3qUEJ+jvqARxUgbKbDLHkkUZbGAl7Ae3Ht9xDm6q3qRRDi7Dk7HplXHgV1yKs4UcJG4OSmBHI3A/vJ6MU45ERozpFTXdRLtZ0hqihkZF71UkQThIeqTrqECcaL8bHrOGJaN0oNRLE0JDafq740McaVGPDSTHOmBmvcm4n9eN9XRuZ9RkaSaCDx7KEoZ1DGcZAN7VBKs2cgQhCU1f4V4gEwS2iRYNCG48ycvkla14joV9+akVLvI4yiAQ3AEjoELzkANXIEGaAIMHsEzeAVv1pP1Yr1bH7PRJSvfOQB/YH3+ADVSm4s=</latexit>

Gain	vs	emi*ance	

�p

p
= ⇠ sin(k�s)

<latexit sha1_base64="HGj+QA5sUGCwZf7Ql//96LkkFrY=">AAACDnicbVBNS8NAEJ34WetX1KOXxVKol5KIoAeFgh48VrAf0JSy2W7apZtN2N2IJeQXePGvePGgiFfP3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o6uJ37qnUrFI3OlxTLshHggWMIK1kXp22QskJql3TbnGKM7SOLv0HpinmKiMclUd9+ySU3WmQIvEzUkJctR79pfXj0gSUqEJx0p1XCfW3RRLzQinWdFLFI0xGeEB7RgqcEhVN52+k6GyUfooiKQpodFU/T2R4lCpceibzhDroZr3JuJ/XifRwXk3ZSJONBVktihIONIRmmSD+kxSovnYEEwkM7ciMsQmH20SLJoQ3PmXF0nzpOo6Vff2tFS7yOMowCEcQQVcOIMa3EAdGkDgEZ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4A7i2b+g==</latexit><latexit sha1_base64="HGj+QA5sUGCwZf7Ql//96LkkFrY=">AAACDnicbVBNS8NAEJ34WetX1KOXxVKol5KIoAeFgh48VrAf0JSy2W7apZtN2N2IJeQXePGvePGgiFfP3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o6uJ37qnUrFI3OlxTLshHggWMIK1kXp22QskJql3TbnGKM7SOLv0HpinmKiMclUd9+ySU3WmQIvEzUkJctR79pfXj0gSUqEJx0p1XCfW3RRLzQinWdFLFI0xGeEB7RgqcEhVN52+k6GyUfooiKQpodFU/T2R4lCpceibzhDroZr3JuJ/XifRwXk3ZSJONBVktihIONIRmmSD+kxSovnYEEwkM7ciMsQmH20SLJoQ3PmXF0nzpOo6Vff2tFS7yOMowCEcQQVcOIMa3EAdGkDgEZ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4A7i2b+g==</latexit><latexit sha1_base64="HGj+QA5sUGCwZf7Ql//96LkkFrY=">AAACDnicbVBNS8NAEJ34WetX1KOXxVKol5KIoAeFgh48VrAf0JSy2W7apZtN2N2IJeQXePGvePGgiFfP3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o6uJ37qnUrFI3OlxTLshHggWMIK1kXp22QskJql3TbnGKM7SOLv0HpinmKiMclUd9+ySU3WmQIvEzUkJctR79pfXj0gSUqEJx0p1XCfW3RRLzQinWdFLFI0xGeEB7RgqcEhVN52+k6GyUfooiKQpodFU/T2R4lCpceibzhDroZr3JuJ/XifRwXk3ZSJONBVktihIONIRmmSD+kxSovnYEEwkM7ciMsQmH20SLJoQ3PmXF0nzpOo6Vff2tFS7yOMowCEcQQVcOIMa3EAdGkDgEZ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4A7i2b+g==</latexit><latexit sha1_base64="HGj+QA5sUGCwZf7Ql//96LkkFrY=">AAACDnicbVBNS8NAEJ34WetX1KOXxVKol5KIoAeFgh48VrAf0JSy2W7apZtN2N2IJeQXePGvePGgiFfP3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o6uJ37qnUrFI3OlxTLshHggWMIK1kXp22QskJql3TbnGKM7SOLv0HpinmKiMclUd9+ySU3WmQIvEzUkJctR79pfXj0gSUqEJx0p1XCfW3RRLzQinWdFLFI0xGeEB7RgqcEhVN52+k6GyUfooiKQpodFU/T2R4lCpceibzhDroZr3JuJ/XifRwXk3ZSJONBVktihIONIRmmSD+kxSovnYEEwkM7ciMsQmH20SLJoQ3PmXF0nzpOo6Vff2tFS7yOMowCEcQQVcOIMa3EAdGkDgEZ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4A7i2b+g==</latexit>
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Tk		-	full	turn	at	kicker	
Tp		-	full	turn	at	pickup	
	
Mpk	–	bypass	from	pickup	to	kicker	
	
Matrices	are	related	as	
	
	
	
If	phase	advance	through	bypass	is	180o	then	

Tk = MpkTpM
�1
pk

<latexit sha1_base64="rIM7SkqvDQ9sPsRVUiPQeowsI14=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKIoAuFghs3hQp9QRvDZDpph0wmYWYilJCFG3/FjQtF3PoR7vwbp2kW2nrgwplz7mXuPV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCujRGDSwRGLRN9DkjDKSUdRxUg/FgSFHiM9L7iZ+b0HIiSNeFtNY+KEaMypTzFSWnLNatsN4DVsumkcZG03hs379NTO8qdr1qy6lQMuE7sgNVCg5Zpfw1GEk5BwhRmScmBbsXJSJBTFjGSVYSJJjHCAxmSgKUchkU6aH5HBY62MoB8JXVzBXP09kaJQymno6c4QqYlc9Gbif94gUf6lk1IeJ4pwPP/ITxhUEZwlAkdUEKzYVBOEBdW7QjxBAmGlc6voEOzFk5dJ96xuW3X77rzWuCriKIMqOAInwAYXoAFuQQt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz9dv5dD</latexit><latexit sha1_base64="rIM7SkqvDQ9sPsRVUiPQeowsI14=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKIoAuFghs3hQp9QRvDZDpph0wmYWYilJCFG3/FjQtF3PoR7vwbp2kW2nrgwplz7mXuPV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCujRGDSwRGLRN9DkjDKSUdRxUg/FgSFHiM9L7iZ+b0HIiSNeFtNY+KEaMypTzFSWnLNatsN4DVsumkcZG03hs379NTO8qdr1qy6lQMuE7sgNVCg5Zpfw1GEk5BwhRmScmBbsXJSJBTFjGSVYSJJjHCAxmSgKUchkU6aH5HBY62MoB8JXVzBXP09kaJQymno6c4QqYlc9Gbif94gUf6lk1IeJ4pwPP/ITxhUEZwlAkdUEKzYVBOEBdW7QjxBAmGlc6voEOzFk5dJ96xuW3X77rzWuCriKIMqOAInwAYXoAFuQQt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz9dv5dD</latexit><latexit sha1_base64="rIM7SkqvDQ9sPsRVUiPQeowsI14=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKIoAuFghs3hQp9QRvDZDpph0wmYWYilJCFG3/FjQtF3PoR7vwbp2kW2nrgwplz7mXuPV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCujRGDSwRGLRN9DkjDKSUdRxUg/FgSFHiM9L7iZ+b0HIiSNeFtNY+KEaMypTzFSWnLNatsN4DVsumkcZG03hs379NTO8qdr1qy6lQMuE7sgNVCg5Zpfw1GEk5BwhRmScmBbsXJSJBTFjGSVYSJJjHCAxmSgKUchkU6aH5HBY62MoB8JXVzBXP09kaJQymno6c4QqYlc9Gbif94gUf6lk1IeJ4pwPP/ITxhUEZwlAkdUEKzYVBOEBdW7QjxBAmGlc6voEOzFk5dJ96xuW3X77rzWuCriKIMqOAInwAYXoAFuQQt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz9dv5dD</latexit><latexit sha1_base64="rIM7SkqvDQ9sPsRVUiPQeowsI14=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKIoAuFghs3hQp9QRvDZDpph0wmYWYilJCFG3/FjQtF3PoR7vwbp2kW2nrgwplz7mXuPV7MqFSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCujRGDSwRGLRN9DkjDKSUdRxUg/FgSFHiM9L7iZ+b0HIiSNeFtNY+KEaMypTzFSWnLNatsN4DVsumkcZG03hs379NTO8qdr1qy6lQMuE7sgNVCg5Zpfw1GEk5BwhRmScmBbsXJSJBTFjGSVYSJJjHCAxmSgKUchkU6aH5HBY62MoB8JXVzBXP09kaJQymno6c4QqYlc9Gbif94gUf6lk1IeJ4pwPP/ITxhUEZwlAkdUEKzYVBOEBdW7QjxBAmGlc6voEOzFk5dJ96xuW3X77rzWuCriKIMqOAInwAYXoAFuQQt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz9dv5dD</latexit>

Mpk =

0

BB@

�1 0 0 �M52

0 �1 0 M51

M51 M52 1 M56

0 0 0 1

1

CCA

<latexit sha1_base64="E4N6bMxi5OfYd1/9if0NrxZNR3g="></latexit><latexit sha1_base64="E4N6bMxi5OfYd1/9if0NrxZNR3g="></latexit><latexit sha1_base64="E4N6bMxi5OfYd1/9if0NrxZNR3g="></latexit><latexit sha1_base64="E4N6bMxi5OfYd1/9if0NrxZNR3g="></latexit>

If		symmetric,																																																																																	then	
	
	

Tk(↵,�, ⌘, ⌘
0) = Tp(�↵,�, ⌘,�⌘0)

<latexit sha1_base64="KdHUdP3naRTLQzcc7ke+/gidlIY=">AAACM3icbVDLSgMxFM3UV62vUZdugkWoYMuMCHYjFNyIqwp9QacOmfS2Dc3MhCQjlNJ/cuOPuBDEhSJu/QfTh2BbL+RyOOdcbu4JBGdKO86rlVpZXVvfSG9mtrZ3dvfs/YOaihNJoUpjHstGQBRwFkFVM82hISSQMOBQD/rXY73+AFKxOKrogYBWSLoR6zBKtKF8+7bi93Me4aJHzrwAtOm/7d4TkoVwiq9wxRe5/LIrP2fz7axTcCaFl4E7A1k0q7JvP3vtmCYhRJpyolTTdYRuDYnUjHIYZbxEgSC0T7rQNDAiIajWcHLzCJ8Ypo07sTQv0njC/p0YklCpQRgYZ0h0Ty1qY/I/rZnoTrE1ZJFINER0uqiTcKxjPA4Qt5kEqvnAAEIlM3/FtEckodrEnDEhuIsnL4PaecF1Cu7dRbZUnMWRRkfoGOWQiy5RCd2gMqoiih7RC3pHH9aT9WZ9Wl9Ta8qazRyiubK+fwDHp6kh</latexit><latexit sha1_base64="KdHUdP3naRTLQzcc7ke+/gidlIY=">AAACM3icbVDLSgMxFM3UV62vUZdugkWoYMuMCHYjFNyIqwp9QacOmfS2Dc3MhCQjlNJ/cuOPuBDEhSJu/QfTh2BbL+RyOOdcbu4JBGdKO86rlVpZXVvfSG9mtrZ3dvfs/YOaihNJoUpjHstGQBRwFkFVM82hISSQMOBQD/rXY73+AFKxOKrogYBWSLoR6zBKtKF8+7bi93Me4aJHzrwAtOm/7d4TkoVwiq9wxRe5/LIrP2fz7axTcCaFl4E7A1k0q7JvP3vtmCYhRJpyolTTdYRuDYnUjHIYZbxEgSC0T7rQNDAiIajWcHLzCJ8Ypo07sTQv0njC/p0YklCpQRgYZ0h0Ty1qY/I/rZnoTrE1ZJFINER0uqiTcKxjPA4Qt5kEqvnAAEIlM3/FtEckodrEnDEhuIsnL4PaecF1Cu7dRbZUnMWRRkfoGOWQiy5RCd2gMqoiih7RC3pHH9aT9WZ9Wl9Ta8qazRyiubK+fwDHp6kh</latexit><latexit sha1_base64="KdHUdP3naRTLQzcc7ke+/gidlIY=">AAACM3icbVDLSgMxFM3UV62vUZdugkWoYMuMCHYjFNyIqwp9QacOmfS2Dc3MhCQjlNJ/cuOPuBDEhSJu/QfTh2BbL+RyOOdcbu4JBGdKO86rlVpZXVvfSG9mtrZ3dvfs/YOaihNJoUpjHstGQBRwFkFVM82hISSQMOBQD/rXY73+AFKxOKrogYBWSLoR6zBKtKF8+7bi93Me4aJHzrwAtOm/7d4TkoVwiq9wxRe5/LIrP2fz7axTcCaFl4E7A1k0q7JvP3vtmCYhRJpyolTTdYRuDYnUjHIYZbxEgSC0T7rQNDAiIajWcHLzCJ8Ypo07sTQv0njC/p0YklCpQRgYZ0h0Ty1qY/I/rZnoTrE1ZJFINER0uqiTcKxjPA4Qt5kEqvnAAEIlM3/FtEckodrEnDEhuIsnL4PaecF1Cu7dRbZUnMWRRkfoGOWQiy5RCd2gMqoiih7RC3pHH9aT9WZ9Wl9Ta8qazRyiubK+fwDHp6kh</latexit><latexit sha1_base64="KdHUdP3naRTLQzcc7ke+/gidlIY=">AAACM3icbVDLSgMxFM3UV62vUZdugkWoYMuMCHYjFNyIqwp9QacOmfS2Dc3MhCQjlNJ/cuOPuBDEhSJu/QfTh2BbL+RyOOdcbu4JBGdKO86rlVpZXVvfSG9mtrZ3dvfs/YOaihNJoUpjHstGQBRwFkFVM82hISSQMOBQD/rXY73+AFKxOKrogYBWSLoR6zBKtKF8+7bi93Me4aJHzrwAtOm/7d4TkoVwiq9wxRe5/LIrP2fz7axTcCaFl4E7A1k0q7JvP3vtmCYhRJpyolTTdYRuDYnUjHIYZbxEgSC0T7rQNDAiIajWcHLzCJ8Ypo07sTQv0njC/p0YklCpQRgYZ0h0Ty1qY/I/rZnoTrE1ZJFINER0uqiTcKxjPA4Qt5kEqvnAAEIlM3/FtEckodrEnDEhuIsnL4PaecF1Cu7dRbZUnMWRRkfoGOWQiy5RCd2gMqoiih7RC3pHH9aT9WZ9Wl9Ta8qazRyiubK+fwDHp6kh</latexit>

M51 = 0

M52 = �2⌘
<latexit sha1_base64="iWUt1ltjoyoCVKfStCsF3+WRhsU="></latexit><latexit sha1_base64="iWUt1ltjoyoCVKfStCsF3+WRhsU="></latexit><latexit sha1_base64="iWUt1ltjoyoCVKfStCsF3+WRhsU="></latexit><latexit sha1_base64="iWUt1ltjoyoCVKfStCsF3+WRhsU="></latexit>

LaKce	constraints	
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	OpOcal	stochasOc	cooling	insert	parameters	
 Beam Energy =   1.0000E+09                 gamma_e =   1.9570E+03
 Wiggler:B_max =   1.4000E-01	T            wiggler_period =   3.2500E-01	m         K_param =   4.2479           
Optical wavelength =   8.0810E-07
 Pickup: beta/alpha/gamma =   9.8129E+00,  6.1811E-01,  1.4084E-01
 kicker: eta/etap =   8.5232E-01  -2.7230E-01
	kicker:	Curly	H	=			7.3688E-01	
 Horizontal emittance =   5.5136E-10     emit_max =   4.2810E-09
	FracOonal	energy	spread	=			4.0658E-04					dp/p_max	=			7.0781E-03	
	RaOo	transverse/longitudinal	rate	=			3.3145E+01	
 M51 	=    3.1722E-04     M52 =   -1.3786E-02     M56 =    3.5886E-03 tilde_M56    1.0510E-04	
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