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Segments of Beam Path from 
Beam Line to Storage Ring

(1) hole in back leg, (2) storage ring fringe field, (3) inflector channel

(1) (2)
(3)

3From W. Meng, June 2008 collaboration meeting

How	do	twiss	parameters	propagate	through	iron,	cryostat,	inflector	into	ring	
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Effective	gradient						G	≈	(1+cos(63.9))/2	(ΔBy/ΔR)	

N.S.Froemming  |  Muon G-2 Collaboration Mtg. |  2013.04.05

“Injection Region”

2

Wuzheng’s detailed 4.3m field region

63.9	deg	
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Magnet Iron, Cryostat, Etc.
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Inflector & VacCmbr in Paraview
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Another View

(1)
(2)

(3)

From W. Meng, June 2008 collaboration meeting 4
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What	are	the	fields	along	the	route	of	injected	beam	?	

iron	

coil	

fringe	
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324 THE SUPERCONDUCTING INFLECTOR MAGNET
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(a) Inflector Conductor Arrangement
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(b) Calculated Field

Figure 10.6: (a) The arrangement of conductors in the inflector magnet, showing the direction
of the inflector field BI and the main field B0 for a beam of positive muons going into the page.
The current in the inner “C” is into the page and is out of the page in the backward “D”.
(b) Magnetic field lines generated by this arrangement of conductors. The beam aperture is
18⇥ 56 mm2.

(a) Closed Inflector End (b) Open Inflector End

Figure 10.7: (a) The prototype closed inflector end. (b) The prototype open inflector end.

thought to be more stable from quenches. However, a 0.5 m prototype was constructed with
one open and one closed end, which are shown in Fig. 10.7. This prototype inflector was
operated in the earth’s field, and then in an external 1.45 T field without incident.

The inner coil and the outer coil are connected in series. The joint is located inside the
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Injection	Channel	

B 

Role of the Inflector 

6 

B. Lee Roberts, Muon g-2 Independent Design Review, June 5-7 2013 

The requirement of a uniform magnetic field means no 
gaps for injecting the beam. Everything has to fit 
between the pole pieces. 

Muons	come	to	the	end	of	the	M5	line	
and	then	propagate	through:	
•  Hole	in	magnet	yoke	
•  Dipole	fringe	field	
•  Inflector	
And	exit	the	inflector	77	mm	from	the	
center	of	the	dipole	aperture	

The	magnetic	field	is	near	zero	at	the	
inner	surface	of	the	yoke,	and	rises	to	
1.45T	between	the	magnet	poles,	over	a	
distance	of	~39cm		

39cm	
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4 N.S.Froemming  |  Muon G-2 Collaboration Mtg. |  2013.04.05

µ- curl
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Total Mapped By at y=0
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Horizontally	defocusing	

Hole	through	iron	

fringe	
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Injection	channel	defocusing	
The	4.3m	injection	channel	can	be	modeled	as	follows	

drift	

				quad	
Qfringe(k=-0.36)	

1.6m	 1.3m	 1.7m	

				quad	
Qinf(k=-0.16)	

Dipole	fringe	and	inflector	
overlap	

Or	we	can	compute	the	transfer	maps	numerically	by	tracking	
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Twiss	parameters	(A-matrix)	is	chosen	to	be	single	valued	in	ring	



Acceptance	
We	maximize	transmission	and	capture	by	focusing	the	beam	so	that	inflector	and	
ring	have	equivalent	acceptance	
	
	
	
	

s
�inf

�max�ring
=

Ainf

Aring
! �inf =

✓
Ainf

Aring

◆2

�max�ring

The	maximum					in	the	ring	depends	on	the	matching	according	to			�

�max�ring ⇠
�2
ring

�inf

Then		 �inf =
Ainf

Aring
�ring

We	find	that	inflector	and	ring	have	equivalent	acceptance	if		

�x
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◆
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Dispersion	

=>			

Energy	acceptance	of	inflector	and	ring	are	equivalent	if	
	
																																					and	since		
	
=>	

(Tracking	simulations	indicate	optimal	capture	for													)	
	
The	energy	acceptance	follows	from	

⌘ ⇠ 0

� =
q

�x✏+ ⌘2max�ring�
2

� ⇠ 0.1%

⌘inf ⇠ 2.5m

0

@
�x
max�ring = 40m

⌘max�ring = 17m
✏x = 40µm

1

A

⌘inf =
Ainf

Aring
⌘max�ring ⌘max�ring = 2⌘ring � ⌘inf

19	



Dispersion	

20	

=>			

Energy	acceptance	of	inflector	and	ring	are	equivalent	if	
	
																																					and	since		
	
=>	

Tracking	simulations	indicate	optimal	capture	for	
	
The	energy	acceptance	follows	from	

⌘ ⇠ 0

� =
q

�x✏+ ⌘2max�ring�
2

� ⇠ 0.1%
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@
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1

A

⌘inf =
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⌘max�ring ⌘max�ring = 2⌘ring � ⌘inf

ηinf = ηring	

ηinf = 0	



Dispersion	

Horizontal	aperture	and	beam	size	
Including	0.1%	energy	spread	

Contribution	to	beam	size	from	betatron	motion	and	energy	spread	
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Suppose	we	choose	βx		βy		at	upstream	end	of	inflector	so	that	40	mm-mrad	
				so	that	most	of	the	beam	fits	through	the	inflector	aperture	
(Assuming	ideal	inflector:		zero	field,	opened	ends)		

ç	



Mismatch 

Ring	Injection	review	-	May	21,	2015	

23	

•  Emittance	of	the	muon	beam	is	large	and	the	number	of	captured	muons	is	
limited	by	apertures	

•  Inflector	aperture	<<	ring	aperture		
•  Mismatch	of	twiss	parameters	at	inflector-ring	interface	=>	peak	β	&	η	in		

					the	ring	are	always	greater	than	closed	ring	values:	

=>	

Mismatch	
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How	do	we	propagate		
•  twiss	parameters	
•  Beam	size	
•  Phase	space	distribution	
	
How	do	we	determine	M?	
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Now	we	know	how	to	propagate	twiss	parameters	along	a	beam	line	



1/22/19	 D.	Rubin	 29	

Extract	twiss	parameters	from	particle	distribution	?	

16.3. MACROPARTICLES 275

16.3 Macroparticles

Note: The macroparticle tracking code is not currently maintained in favor of tracking an ensemble of

particles where each particle is specified by a position without a sigma matrix. The following is present

for historical reference only.

A macroparticle[Brown77] is represented by a centroid position r and a 6 ⇥ 6 � matrix which defines
the shape of the macroparticle in phase space. �i =

p
�(i, i) is the RMS sigma for the ith phase space

coordinate. For example �z =
p
�(5, 5).

� is a real, non-negative symmetric matrix. The equation that defines the ellipsoid at a distance of
n–sigma from the centroid is

(r� r)t��1(r� r) = n (16.25)

where the t superscript denotes the transpose. Given the sigma matrix at some point s = s1, the sigma
matrix at a different point s2 is

�2 = M12 �1 M
t
12 (16.26)

where M12 is the Jacobian of the transport map from point s1 to s2.

The Twiss parameters can be calculated from the sigma matrix. The dispersion is given by

�(1, 6) = ⌘x �(6, 6)

�(2, 6) = ⌘0x �(6, 6) (16.27)
�(3, 6) = ⌘y �(6, 6)

�(4, 6) = ⌘0y �(6, 6)

Ignoring coupling for now, the betatron part of the sigma matrix can be obtained from the linear
equations of motion. For example, using

x =
p
2�x ✏x cos�x + ⌘x pz (16.28)

Solving for the first term on the RHS, squaring and averaging over all particles gives

�x ✏x = �(1, 1)� �2(1, 6)

�(6, 6)
(16.29)

It is thus convenient to define the betatron part of the sigma matrix

��(i, j) ⌘ �(i, j)� �(i, 6)�(j, 6)

�(6, 6)
(16.30)

and in terms of the betatron part the emittance is

✏2x = ��(1, 1)��(2, 2)� �2
�(1, 2) (16.31)

and the Twiss parameters are

✏x

Å
�x �↵x

�↵x �x

ã
=

Å
��(1, 1) ��(1, 2)
��(1, 2) ��(2, 2)

ã
(16.32)

If there is coupling, the transformation between the 4⇥ 4 transverse normal mode sigma matrix �a and
the 4⇥ 4 laboratory matrix �x is

�x = V�aV
t (16.33)
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If there is coupling, the transformation between the 4⇥ 4 transverse normal mode sigma matrix �a and
the 4⇥ 4 laboratory matrix �x is

�x = V�aV
t (16.33)

Betatron	dist	
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�(2, 6) = ⌘0x �(6, 6) (16.27)
�(3, 6) = ⌘y �(6, 6)

�(4, 6) = ⌘0y �(6, 6)

Ignoring coupling for now, the betatron part of the sigma matrix can be obtained from the linear
equations of motion. For example, using

x =
p
2�x ✏x cos�x + ⌘x pz (16.28)

Solving for the first term on the RHS, squaring and averaging over all particles gives

�x ✏x = �(1, 1)� �2(1, 6)

�(6, 6)
(16.29)

It is thus convenient to define the betatron part of the sigma matrix

��(i, j) ⌘ �(i, j)� �(i, 6)�(j, 6)

�(6, 6)
(16.30)

and in terms of the betatron part the emittance is

✏2x = ��(1, 1)��(2, 2)� �2
�(1, 2) (16.31)

and the Twiss parameters are

✏x

Å
�x �↵x

�↵x �x

ã
=

Å
��(1, 1) ��(1, 2)
��(1, 2) ��(2, 2)

ã
(16.32)

If there is coupling, the transformation between the 4⇥ 4 transverse normal mode sigma matrix �a and
the 4⇥ 4 laboratory matrix �x is

�x = V�aV
t (16.33)

x =
p
2�✏x cos�x + ⌘x�
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�x✏x = hxxi � hx�i2

h��i
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Notation	
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16.3. MACROPARTICLES 275

16.3 Macroparticles

Note: The macroparticle tracking code is not currently maintained in favor of tracking an ensemble of

particles where each particle is specified by a position without a sigma matrix. The following is present

for historical reference only.

A macroparticle[Brown77] is represented by a centroid position r and a 6 ⇥ 6 � matrix which defines
the shape of the macroparticle in phase space. �i =

p
�(i, i) is the RMS sigma for the ith phase space

coordinate. For example �z =
p
�(5, 5).

� is a real, non-negative symmetric matrix. The equation that defines the ellipsoid at a distance of
n–sigma from the centroid is

(r� r)t��1(r� r) = n (16.25)

where the t superscript denotes the transpose. Given the sigma matrix at some point s = s1, the sigma
matrix at a different point s2 is

�2 = M12 �1 M
t
12 (16.26)

where M12 is the Jacobian of the transport map from point s1 to s2.

The Twiss parameters can be calculated from the sigma matrix. The dispersion is given by

�(1, 6) = ⌘x �(6, 6)

�(2, 6) = ⌘0x �(6, 6) (16.27)
�(3, 6) = ⌘y �(6, 6)

�(4, 6) = ⌘0y �(6, 6)

Ignoring coupling for now, the betatron part of the sigma matrix can be obtained from the linear
equations of motion. For example, using

x =
p
2�x ✏x cos�x + ⌘x pz (16.28)

Solving for the first term on the RHS, squaring and averaging over all particles gives

�x ✏x = �(1, 1)� �2(1, 6)

�(6, 6)
(16.29)

It is thus convenient to define the betatron part of the sigma matrix

��(i, j) ⌘ �(i, j)� �(i, 6)�(j, 6)

�(6, 6)
(16.30)

and in terms of the betatron part the emittance is

✏2x = ��(1, 1)��(2, 2)� �2
�(1, 2) (16.31)

and the Twiss parameters are

✏x

Å
�x �↵x

�↵x �x

ã
=

Å
��(1, 1) ��(1, 2)
��(1, 2) ��(2, 2)

ã
(16.32)

If there is coupling, the transformation between the 4⇥ 4 transverse normal mode sigma matrix �a and
the 4⇥ 4 laboratory matrix �x is

�x = V�aV
t (16.33)

We	can	compute																			for	the	distribution	and	extract	twiss		�(i, j)
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If	we	know	M	we	can	propagate	twiss	
And	if	we	have	a	distribution	we	can	compute	twiss	
	
What	if	we	know	twiss,	how	do	we	determine	M?	
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transports	particles	from	point	1	with								to	point	2	with		M
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If	we	know	M	we	can	propagate	twiss	
And	if	we	have	a	distribution	we	can	compute	twiss	
From	twiss	we	can	determine	M	(to	a	phase	advance)	
	
What	if	all	we	have	is	a	field	map?	
			How	do	we	compute	M	

Inflector Acceptance

D.Rubin

April 4, 2013

Twiss Parameters

Consider linear transport in one dimension through a beam line, The phase space 2-vector

x = (x, x0)

. x and x0 are o↵set and angle with respect to some reference orbit. As long as the forces are linear,

(quadrupole, dipole, drift) or nearly so, the vector is propagated through those elements with a

2X2 unity determinant matrix M .

xf
= Mfix

i

In general the forces may be nonlinear. Then the matrix M is the Jacobian of the mapping from

xi
to xf

. If xf
(xi

) then

M =

0

BB@

@xf
1

@xi
1

@xf
1

@xi
2

@xf
2

@xi
1

@xf
2

@xi
2

1

CCA

The Jacobean, M , has unit determinant.

Scalar invariant

Define the scalar

s = xTAx

Then define A, so that

s =
�
x x0

�✓� ↵
↵ �

◆✓
x
x0

◆
= �x2 + 2↵xx0 + �x02

A can be any 4 parameters that we like. No loss of generality by setting A = AT
since we only

need three numbers to define the most general scalar combination of x and x0. Now suppose we

propagate xb ! xe with the help of M . Then xe = Mxb and

s = xT
b M

T
(MT

)
�1AbM

�1Mxb = xT
e (M

T
)
�1AbM

�1xe = xT
e Aexe

Evidently s is invariant as long as

Ae = (MT
)
�1AbM

�1
(1)

1

M	is	the	Jacobian	of	the	mapping	from	1	to	2	
We	need	to	compute	derivatives	by	tracking	
Derivatives	are	a	change	with	respect	to	a	reference	
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To	compute	the	transfer	matrix	with	respect	to	a	reference	trajectory	
		track	from	2	sets	of	initial	coordinates	near	the	reference	

~xi ! ~xf
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Or	for	two	non	degenerate	trajectories	

MX1 = X2
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Closed	orbit		reference	

M~xi � (M~xc � ~xc) = ~xf
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Conclusion:	track	3	non	degenerate	orbits	through	1	full	turn	to	find	closed	orbit	and	M	
			Track	7	non	degenerate	orbits	to	find	M	for	full	6-d	phase	space			
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Suppose	we	want	to	study	the	dependence	of	capture	on	beta	in	the	inflector	
•  Beta	in	the	inflector	is	determined	by	quads	in	M5	line.	
•  Changing	Beta	in	the	inflector	=>	change	beta	in	M5	

The	distribution	to	be	tracked	is	defined	at	the	end	of	M5	with	unknown	twiss	
	
1.  Construct	M	through	the	injection	channel	by	tracking	through	the	field	maps	
2.  Use	M	for	injection	channel	to	propagate	twiss	in	inflector								back	to	end	of	M5		
3.  Compute	twiss										for	Diktys’s	distribution,	(which	is	defined	at	end	of	M5)	

4.  Construct																																			and	use	it	to	transform	the	distribution	to	the	target	twiss	

5.  The	transformed	distribution	will	be	characterized	by														at	the	start	of	tracking	and	
by									when	tracked	(using	M)	to	the	inflector		

	

	

~�D
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~�M5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~�I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

M(~�D,~�M5)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~�M5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~�I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



1/22/19	 inflector	focusing	 38	

 0

 10

 20

 30

 40

 50

 60

 0  1  2  3  4  5

β x
 [m

]

s [m]

Effect of inflector gradient

821 Inf
dB/dx = 0
dB/dx = 0
dB/dx = 150 G/cm
dB/dx = 150 G/cm

 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

 11

 0  1  2  3  4  5

β y
 [m

]

s [m]

Effect of inflector gradient

821 Inf
dB/dx = 0
dB/dx = 150 G/cm

dBy/dx	=	150G/cm	

Horizontal	beta	

Vertical	beta	



Phase	space	matching	
•  40	mm-mrad	clears	inflector	if	at	inflector	midpoint	βx=2m,	βy=19m	
•  Transfer	map	for	propagation	of	twiss	parameters	determined	by	tracking	

through	Wuzeng	field	map	

	

and we can easily extract T using 1. The result for tracking through the field shown in
Figure 3 is given in Equation 2.

T =

0

BBBBBB@

1.61951 5.68287 �0.10265 �0.12099 0.00032 0.02890
0.29750 1.65985 �0.03583 �0.05500 0.00025 0.00047
�0.08510 �0.05582 0.44649 3.19115 �0.00014 0.00884
�0.02370 �0.04136 �0.25378 0.40416 �0.00010 �0.00031
0.00776 0.04529 �0.00296 0.00323 1.00000 0.00046
0.00000 0.00000 0.00000 0.00000 0.00000 1.00000

1

CCCCCCA
(2)

where

T

0

BBBBBB@
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x0
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y0

z
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1

CCCCCCA

in

=

0

BBBBBB@

x
x0

y
y0

z
�

1

CCCCCCA

end

and the in is at the entrance to the hole in the iron, and end is at the exit of the inflector.
We can develop some intuitive sense of the meaning of the transfer matrix in Equation 2
if we examine the components. Write

T =

0

@
M n p
m N q
r s P

1

A

where M,n, p,m,N, q, r, s, P are all 2X2 matrices. M and N correspond to the horizontal
and vertical motion respectively, and P to the longitudinal. The lowercase matrices indi-
cate coupling of horizontal, vertical and longitudinal and in general the elements of those
matrices are small, and for the time being we neglect them. Then both M and N can be
written in terms of drift and thin lens. In particular, define M as the product of a drift,
thin lens, and drift.

M = D1FD1 =

✓
1 L1

0 1

◆✓
1 0
g 1
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1 L2

0 1

◆

=
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1 + L1g L1

g 1

◆✓
1 L2

0 1

◆

=

✓
1 + L1g L2(1 + L1g) + L1

g gL2 + 1

◆
(3)

and g = 1/f , where f is the focal length of the lens. We find, comparing Equations
3 and 2 that in the horizontal the focal length is fh = 3.36 m, that is defocusing, and
fv = �3.94 m, that is focusing. This is very strong focusing and must be compensated by
the injection line quadrupoles upstream of the hole in the magnet iron. (For comparison,
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kicker plates

d

R

Inflector

central orbit
injected muons

Large	aperture	inflector	-	Kickers	

Kicker	fields	scale	with	displacement	d	
	
With	larger	aperture	inflector	
			d	=	77mm	=>	91mm	
	
Kick	angle											~	10.8	to	12.8	mrad	
Integrated	B-field	~	1.11	to	1.31	kG-m	
	

3	–	1.27m	kickers	

τrev = 149 ns 
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Kick	Angle	=	d/R	
		R	=	R0(1+δ)	
		θ	=	θ0(1-δ)	
	



Injection	channel	

inflector	

Trajectory	of	magic	
momentum	muon	

Inflector	rotated	clockwise	
Inflector	and	trajectory	
rotated	clockwise	
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Orientation	
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<latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="HQsWOpFz+jQ1BXxhUHcxcSH7Yc4=">AAAB53icbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnuHFZwbGFzlAy6Z02NJMZkjtCKX0NNy5UfCN3vo3pz0JbDwQ+zknIvScplLTk+9/exubW9s5uZa+6Xzs4PKof155sXhqBochVbjoJt6ikxpAkKewUBnmWKGwno7tZ3n5GY2WuH2lcYJzxgZapFJycFUU0ROK9idTptFdv+E1/LrYOwRIasFSrV/+K+rkoM9QkFLe2G/gFxRNuSAqF02pUWiy4GPEBdh1qnqGNJ/OZp+zcOX2W5sYdTWzu/n4x4Zm14yxxNzNOQ7uazcz/sm5J6XXsFipKQi0WH6WlYpSzWQGsLw0KUmMHXBjpZmViyA0X5GqquhKC1ZXXIbxs3jSDBx8qcApncAEBXMEt3EMLQhBQwAu8wbtXeq/ex6KtDW9Z2wn8kff5A6FekG8=</latexit><latexit sha1_base64="HQsWOpFz+jQ1BXxhUHcxcSH7Yc4=">AAAB53icbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnuHFZwbGFzlAy6Z02NJMZkjtCKX0NNy5UfCN3vo3pz0JbDwQ+zknIvScplLTk+9/exubW9s5uZa+6Xzs4PKof155sXhqBochVbjoJt6ikxpAkKewUBnmWKGwno7tZ3n5GY2WuH2lcYJzxgZapFJycFUU0ROK9idTptFdv+E1/LrYOwRIasFSrV/+K+rkoM9QkFLe2G/gFxRNuSAqF02pUWiy4GPEBdh1qnqGNJ/OZp+zcOX2W5sYdTWzu/n4x4Zm14yxxNzNOQ7uazcz/sm5J6XXsFipKQi0WH6WlYpSzWQGsLw0KUmMHXBjpZmViyA0X5GqquhKC1ZXXIbxs3jSDBx8qcApncAEBXMEt3EMLQhBQwAu8wbtXeq/ex6KtDW9Z2wn8kff5A6FekG8=</latexit><latexit sha1_base64="LkzxgWxkz0vEdtpwJSgmPPnsguM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0m8qOCh4MVjBWMLTSib7aRdutmE3YlQQv+GFw8qXv013vw3btsctPXBwOO9GWbmRZkUBl3326msrW9sblW3azu7e/sH9cOjR5PmmoPPU5nqbsQMSKHAR4ESupkGlkQSOtH4duZ3nkAbkaoHnGQQJmyoRCw4QysFAY4AWb8QKp726w236c5BV4lXkgYp0e7Xv4JByvMEFHLJjOl5boZhwTQKLmFaC3IDGeNjNoSepYolYMJifvOUnlllQONU21JI5+rviYIlxkySyHYmDEdm2ZuJ/3m9HOOr0D6U5QiKLxbFuaSY0lkAdCA0cJQTSxjXwt5K+YhpxtHGVLMheMsvrxL/onnd9O7dRuumTKNKTsgpOSceuSQtckfaxCecZOSZvJI3J3denHfnY9FaccqZY/IHzucP5eSRwg==</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit><latexit sha1_base64="SvvIktMhldsmqF4iAHxpEgQpRWg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCsYWmlA22027dLMJuxOhhP4NLx5UvPprvPlv3LY5aPXBwOO9GWbmRZkUBl33y6msrK6tb1Q3a1vbO7t79f2DB5PmmnGfpTLV3YgaLoXiPgqUvJtpTpNI8k40vpn5nUeujUjVPU4yHiZ0qEQsGEUrBQGOONJ+IVQ87dcbbtOdg/wlXkkaUKLdr38Gg5TlCVfIJDWm57kZhgXVKJjk01qQG55RNqZD3rNU0YSbsJjfPCUnVhmQONW2FJK5+nOioIkxkySynQnFkVn2ZuJ/Xi/H+DK0D2U5csUWi+JcEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUsyF4yy//Jf5Z86rp3Z03WtdlGlU4gmM4BQ8uoAW30AYfGGTwBC/w6uTOs/PmvC9aK045cwi/4Hx8A+ckkcY=</latexit>

Tangent	line	✓inj
<latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit>

Coordinates	

Radially	inward	trajectory		(✓inj < 0)
<latexit sha1_base64="Uye5G97gYOmwX1qTglcl0Jkymjk=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBCt4KHjxWMHYQhvCZrtp124+2J0oJfanePGg4tV/4s1/46bNQVsfDDzem2Fmnp8IrsCyvo3Syura+kZ5s7K1vbO7Z1b371ScSsocGotYdn2imOARc4CDYN1EMhL6gnX88VXudx6YVDyObmGSMDckw4gHnBLQkmdW630YMSBexqP76aV1UvHMmtWwZsDLxC5IDRVoe+ZXfxDTNGQRUEGU6tlWAm5GJHAq2LTSTxVLCB2TIetpGpGQKTebnT7Fx1oZ4CCWuiLAM/X3REZCpSahrztDAiO16OXif14vhaDp6qeSFFhE54uCVGCIcZ4DHnDJKIiJJoRKrm/FdEQkoaDTykOwF19eJs5p46Jh35zVWs0ijTI6REeojmx0jlroGrWRgyh6RM/oFb0ZT8aL8W58zFtLRjFzgP7A+PwBYayS8A==</latexit><latexit sha1_base64="Uye5G97gYOmwX1qTglcl0Jkymjk=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBCt4KHjxWMHYQhvCZrtp124+2J0oJfanePGg4tV/4s1/46bNQVsfDDzem2Fmnp8IrsCyvo3Syura+kZ5s7K1vbO7Z1b371ScSsocGotYdn2imOARc4CDYN1EMhL6gnX88VXudx6YVDyObmGSMDckw4gHnBLQkmdW630YMSBexqP76aV1UvHMmtWwZsDLxC5IDRVoe+ZXfxDTNGQRUEGU6tlWAm5GJHAq2LTSTxVLCB2TIetpGpGQKTebnT7Fx1oZ4CCWuiLAM/X3REZCpSahrztDAiO16OXif14vhaDp6qeSFFhE54uCVGCIcZ4DHnDJKIiJJoRKrm/FdEQkoaDTykOwF19eJs5p46Jh35zVWs0ijTI6REeojmx0jlroGrWRgyh6RM/oFb0ZT8aL8W58zFtLRjFzgP7A+PwBYayS8A==</latexit><latexit sha1_base64="Uye5G97gYOmwX1qTglcl0Jkymjk=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBCt4KHjxWMHYQhvCZrtp124+2J0oJfanePGg4tV/4s1/46bNQVsfDDzem2Fmnp8IrsCyvo3Syura+kZ5s7K1vbO7Z1b371ScSsocGotYdn2imOARc4CDYN1EMhL6gnX88VXudx6YVDyObmGSMDckw4gHnBLQkmdW630YMSBexqP76aV1UvHMmtWwZsDLxC5IDRVoe+ZXfxDTNGQRUEGU6tlWAm5GJHAq2LTSTxVLCB2TIetpGpGQKTebnT7Fx1oZ4CCWuiLAM/X3REZCpSahrztDAiO16OXif14vhaDp6qeSFFhE54uCVGCIcZ4DHnDJKIiJJoRKrm/FdEQkoaDTykOwF19eJs5p46Jh35zVWs0ijTI6REeojmx0jlroGrWRgyh6RM/oFb0ZT8aL8W58zFtLRjFzgP7A+PwBYayS8A==</latexit><latexit sha1_base64="Uye5G97gYOmwX1qTglcl0Jkymjk=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBCt4KHjxWMHYQhvCZrtp124+2J0oJfanePGg4tV/4s1/46bNQVsfDDzem2Fmnp8IrsCyvo3Syura+kZ5s7K1vbO7Z1b371ScSsocGotYdn2imOARc4CDYN1EMhL6gnX88VXudx6YVDyObmGSMDckw4gHnBLQkmdW630YMSBexqP76aV1UvHMmtWwZsDLxC5IDRVoe+ZXfxDTNGQRUEGU6tlWAm5GJHAq2LTSTxVLCB2TIetpGpGQKTebnT7Fx1oZ4CCWuiLAM/X3REZCpSahrztDAiO16OXif14vhaDp6qeSFFhE54uCVGCIcZ4DHnDJKIiJJoRKrm/FdEQkoaDTykOwF19eJs5p46Jh35zVWs0ijTI6REeojmx0jlroGrWRgyh6RM/oFb0ZT8aL8W58zFtLRjFzgP7A+PwBYayS8A==</latexit>

Radially	outward	trajectory		(✓inj > 0)
<latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit>

~Pmagic
<latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit>

~Pmagic
<latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit>

Angles	and	offset	of	magic	momentum	trajectory	

xoff
<latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit>

xoff
<latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit><latexit sha1_base64="qEdqD881UT4fAfWVdmNySvJrKoc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXorePFYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTx6MDLThIZEcqk7MTaUM0FDyyynHaUpTmNO2/H4Zua3H6k2TIp7O1E0SvFQsIQRbJ3UfurnMkmm/WrNr/tzoFUSFKQGBVr96ldvIEmWUmEJx8Z0A1/ZKMfaMsLptNLLDFWYjPGQdh0VOKUmyufnTtGZUwYokdqVsGiu/p7IcWrMJI1dZ4rtyCx7M/E/r5vZpBHlTKjMUkEWi5KMIyvR7Hc0YJoSyyeOYKKZuxWREdaYWJdQxYUQLL+8SsKL+nU9uLusNRtFGmU4gVM4hwCuoAm30IIQCIzhGV7hzVPei/fufSxaS14xcwx/4H3+ABskj5Q=</latexit>

1/22/19	 D.	Rubin	 42	



xinf = x�0 + x�0

= x�0 + ⌘�
<latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit>

x�0 = xinf � ⌘(0)�
<latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit>
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xinf = x�0 + x�0

= x�0 + ⌘�
<latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit>

x�0 = xinf � ⌘(0)�
<latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit>

x(s) = x�0

s
�(s)

�(0)
cos(�(s)) + ⌘(s)�

<latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit>
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xinf = x�0 + x�0

= x�0 + ⌘�
<latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit>

x�0 = xinf � ⌘(0)�
<latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit>

x(s) = x�0

s
�(s)

�(0)
cos(�(s)) + ⌘(s)�

<latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit>

�x(s) = k
p

�kick�(s) sin(�(s)� ⇡/2)
<latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit>

Trajectory	of	injected	particle	
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xinf = x�0 + x�0

= x�0 + ⌘�
<latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit>

x�0 = xinf � ⌘(0)�
<latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit>

x(s) = x�0

s
�(s)

�(0)
cos(�(s)) + ⌘(s)�

<latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit>

�x(s) = k
p

�kick�(s) sin(�(s)� ⇡/2)
<latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit>

x(s) = (xinf � �⌘0 � k�0) cos(�(s)) + ⌘0�
<latexit sha1_base64="fgBLTFrIC1Xv1cmXJnBA7LYhPuk="></latexit><latexit sha1_base64="NNWhzpPAvEMG8xbqq4h0u2U0OR8="></latexit><latexit sha1_base64="NNWhzpPAvEMG8xbqq4h0u2U0OR8="></latexit><latexit sha1_base64="TUFxtwBbI2RuPKeqUYepV8yn7WI="></latexit>

Trajectory	of	injected	particle	

Change	due	to	kicker	

All	together	

1/22/19	 D.	Rubin	 47	



xinf = x�0 + x�0

= x�0 + ⌘�
<latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit><latexit sha1_base64="X/5CLbzemyf6+1896KZEhidP3qI=">AAACLnicbVDLSsNAFJ3UV42vqks3g0UQhJKIoIJCQRCXFYwtNKVMpjft0MmDmYlYQv7Ijb/SjYiKWz/DaZqFbb0wcO4553LnHi/mTCrLejdKS8srq2vldXNjc2t7p7K79yijRFBwaMQj0fKIBM5CcBRTHFqxABJ4HJre8GaiN59ASBaFD2oUQycg/ZD5jBKlqW7l1nzupiz0M3yNsYauB4pgK8MnedcDnreua2rDrO5OUOHoVqpWzcoLLwK7AFVUVKNbGbu9iCYBhIpyImXbtmLVSYlQjHLITDeREBM6JH1oaxiSAGQnze/N8JFmetiPhH6hwjn7dyIlgZSjwNPOgKiBnNcm5H9aO1H+RUfHEScKQjpd5CccqwhPwsM9JoAqPtKAUMH0XzEdEEGo0hGbOgR7/uRF4JzWLmv2/Vm1flWkUUYH6BAdIxudozq6Qw3kIIpe0Bh9oE/j1XgzvozvqbVkFDP7aKaMn1+PV6Xs</latexit>

x�0 = xinf � ⌘(0)�
<latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit><latexit sha1_base64="d95dFGLn1bdJfH9bewNplACjstQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSLUhWVGBBUUCm5cVrC20Cklk95pQzMPkjtiGfoBbvwVNy5U3PoD7vwb03YW2nogcHLOvSTneLEUGm3728otLC4tr+RXC2vrG5tbxe2dOx0likOdRzJSTY9pkCKEOgqU0IwVsMCT0PAGV2O/cQ9Kiyi8xWEM7YD1QuELztBInWLpoZO6HiCj9oheUnMToT86co1Stg/dLkhkZsqu2BPQeeJkpEQy1DrFL7cb8SSAELlkWrccO8Z2yhQKLmFUcBMNMeMD1oOWoSELQLfTSZgRPTBKl/qRMidEOlF/b6Qs0HoYeGYyYNjXs95Y/M9rJeiftU28OEEI+fQhP5EUIzpuhnaFAo5yaAjjSpi/Ut5ninE0/RVMCc5s5HlSP66cV5ybk1L1ImsjT/bIPikTh5ySKrkmNVInnDySZ/JK3qwn68V6tz6mozkr29klf2B9/gBqJJoh</latexit>

x(s) = x�0

s
�(s)

�(0)
cos(�(s)) + ⌘(s)�

<latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit><latexit sha1_base64="s5EZAn3QDkrAXk6nqfitPKuGRMo="></latexit>

�x(s) = k
p

�kick�(s) sin(�(s)� ⇡/2)
<latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit><latexit sha1_base64="eGVgh8mVlh1Ims4yvMioTZslROM="></latexit>

x(s) = (xinf � �⌘0 � k�0) cos(�(s)) + ⌘0�
<latexit sha1_base64="fgBLTFrIC1Xv1cmXJnBA7LYhPuk="></latexit><latexit sha1_base64="NNWhzpPAvEMG8xbqq4h0u2U0OR8="></latexit><latexit sha1_base64="NNWhzpPAvEMG8xbqq4h0u2U0OR8="></latexit><latexit sha1_base64="TUFxtwBbI2RuPKeqUYepV8yn7WI="></latexit>

xmin = xinf � k�0

xmax = �xinf + k�0 + 2⌘0�
<latexit sha1_base64="NyKIvALBlUdBcvdgd7slH6Vso3E="></latexit><latexit sha1_base64="NyKIvALBlUdBcvdgd7slH6Vso3E="></latexit><latexit sha1_base64="NyKIvALBlUdBcvdgd7slH6Vso3E="></latexit><latexit sha1_base64="NyKIvALBlUdBcvdgd7slH6Vso3E="></latexit>

Trajectory	of	injected	particle	

Change	due	to	kicker	

All	together	

k�0 = xinf
<latexit sha1_base64="mVItg+C7ujzGaiZGJ7iOByNdarY=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiWA9CwYvHCsYW2hI22027dLMJu5NiCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa3Tdb6u0tr6xuVXeruzs7u0f2IdHjzrJFGU+TUSi2iHRTHDJfOQoWDtVjMShYK1wdDvzW2OmNE/kA05S1ovJQPKIU4JGCmx71A0ZksC9eQpyLqNpYFfdmjuHs0q8glShQDOwv7r9hGYxk0gF0brjuSn2cqKQU8GmlW6mWUroiAxYx1BJYqZ7+fzyqXNmlL4TJcqURGeu/p7ISaz1JA5NZ0xwqJe9mfif18kwqvfMQ2mGTNLFoigTDibOLAanzxWjKCaGEKq4udWhQ6IIRRNWxYTgLb+8SvyL2nXNu7+sNupFGmU4gVM4Bw+uoAF30AQfKIzhGV7hzcqtF+vd+li0lqxi5hj+wPr8Adc+k1A=</latexit><latexit sha1_base64="mVItg+C7ujzGaiZGJ7iOByNdarY=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiWA9CwYvHCsYW2hI22027dLMJu5NiCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa3Tdb6u0tr6xuVXeruzs7u0f2IdHjzrJFGU+TUSi2iHRTHDJfOQoWDtVjMShYK1wdDvzW2OmNE/kA05S1ovJQPKIU4JGCmx71A0ZksC9eQpyLqNpYFfdmjuHs0q8glShQDOwv7r9hGYxk0gF0brjuSn2cqKQU8GmlW6mWUroiAxYx1BJYqZ7+fzyqXNmlL4TJcqURGeu/p7ISaz1JA5NZ0xwqJe9mfif18kwqvfMQ2mGTNLFoigTDibOLAanzxWjKCaGEKq4udWhQ6IIRRNWxYTgLb+8SvyL2nXNu7+sNupFGmU4gVM4Bw+uoAF30AQfKIzhGV7hzcqtF+vd+li0lqxi5hj+wPr8Adc+k1A=</latexit><latexit sha1_base64="mVItg+C7ujzGaiZGJ7iOByNdarY=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiWA9CwYvHCsYW2hI22027dLMJu5NiCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa3Tdb6u0tr6xuVXeruzs7u0f2IdHjzrJFGU+TUSi2iHRTHDJfOQoWDtVjMShYK1wdDvzW2OmNE/kA05S1ovJQPKIU4JGCmx71A0ZksC9eQpyLqNpYFfdmjuHs0q8glShQDOwv7r9hGYxk0gF0brjuSn2cqKQU8GmlW6mWUroiAxYx1BJYqZ7+fzyqXNmlL4TJcqURGeu/p7ISaz1JA5NZ0xwqJe9mfif18kwqvfMQ2mGTNLFoigTDibOLAanzxWjKCaGEKq4udWhQ6IIRRNWxYTgLb+8SvyL2nXNu7+sNupFGmU4gVM4Bw+uoAF30AQfKIzhGV7hzcqtF+vd+li0lqxi5hj+wPr8Adc+k1A=</latexit><latexit sha1_base64="mVItg+C7ujzGaiZGJ7iOByNdarY=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiWA9CwYvHCsYW2hI22027dLMJu5NiCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa3Tdb6u0tr6xuVXeruzs7u0f2IdHjzrJFGU+TUSi2iHRTHDJfOQoWDtVjMShYK1wdDvzW2OmNE/kA05S1ovJQPKIU4JGCmx71A0ZksC9eQpyLqNpYFfdmjuHs0q8glShQDOwv7r9hGYxk0gF0brjuSn2cqKQU8GmlW6mWUroiAxYx1BJYqZ7+fzyqXNmlL4TJcqURGeu/p7ISaz1JA5NZ0xwqJe9mfif18kwqvfMQ2mGTNLFoigTDibOLAanzxWjKCaGEKq4udWhQ6IIRRNWxYTgLb+8SvyL2nXNu7+sNupFGmU4gVM4Bw+uoAF30AQfKIzhGV7hzcqtF+vd+li0lqxi5hj+wPr8Adc+k1A=</latexit>

Perfect	kick	
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If	the	particle	exits	the	inflector	with	some	angle												(with	respect	to	the	tangent	line)		x0
inj

<latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit>

x(s) = x�0 cos�(s) + x0
xinf�0 sin�(s) + ⌘0�

<latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit>

Then	before	it	reaches	the	kicker	
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x(s) = (xinf � �⌘0) cos(�(s)) + ⌘0� � k�0 cos(�(s)) + x0
inf�0 sin�(s)

= A cos(�(s) + �0) + ⌘0�

where
A = ±

q
(xinf � �⌘0 � k�0)2 + (x0

inf�0)2

and

tan�0 =
x0
inf�0

xinf � �⌘0 � k�0

The extremes of displacement are

xext = ±|A|+ ⌘0�
<latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="oB3HZ3ljQSgJLWbEu0ysM3WE6Bw="></latexit><latexit sha1_base64="oB3HZ3ljQSgJLWbEu0ysM3WE6Bw="></latexit><latexit sha1_base64="BYPL+NJ9SASkpoL1ImP1j/UVUZE="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit><latexit sha1_base64="EaricyDCRfpXOhTXyvOxzocA9ow="></latexit>

If	the	particle	exits	the	inflector	with	some	angle												(with	respect	to	the	tangent	line)		x0
inj

<latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit><latexit sha1_base64="c1JY95dS6l+yJK7ZOuZ9BwkeLFU=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHxRHaNiXgj8eIRE1dIYCHdMguVtrtpuyrZ8D+8eFDj1R/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gTsepouDTmMeqFRINnEnwDTMcWokCIkIOzXB0NfWbD6A0i+WtGScQCDKQLGKUGCt1n7qdRDEBvYzJ+0mvXHGr7gx4mXg5qaAcjV75q9OPaSpAGsqJ1m3PTUyQEWUY5TApdVINCaEjMoC2pZII0EE2u3qCT6zSx1GsbEmDZ+rviYwIrccitJ2CmKFe9Kbif147NVEtsA8lqQFJ54uilGMT42kEuM8UUMPHlhCqmL0V0yFRhBobVMmG4C2+vEz8s+pl1bs5r9RreRpFdISO0Sny0AWqo2vUQD6iSKFn9IrenEfnxXl3PuatBSefOUR/4Hz+AI7ikrc=</latexit>

x(s) = x�0 cos�(s) + x0
xinf�0 sin�(s) + ⌘0�

<latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit><latexit sha1_base64="Q3p/1irDkN9hOTNaDhd2VuRd8ag="></latexit>

Then	before	it	reaches	the	kicker	

And	beyond	the	kicker	

(CBO	amplitude)	

(CBO	phase)	

(CBO	envelope)	
1/22/19	

D.	Rubin	
50	



1/22/19	 D.	Rubin	 51	

The	kicker	can	not	compensate	a	nonzero	injection	angle	

A = ±
q

(xinf � �⌘0 � k�0)2 + (x0
inf�0)2

! |A| � x0
inf�0 ⇠ (3 mrad)(7 m) ⇠ 21 mm

<latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="20J1J51OY133utVwtZVMLewoHG0="></latexit><latexit sha1_base64="20J1J51OY133utVwtZVMLewoHG0="></latexit><latexit sha1_base64="OkZ9XlG35AfZy/ZS0kRmi1pvq98="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit>
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The	kicker	can	not	compensate	a	nonzero	injection	angle	

A = ±
q

(xinf � �⌘0 � k�0)2 + (x0
inf�0)2

! |A| � x0
inf�0 ⇠ (3 mrad)(7 m) ⇠ 21 mm

<latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="20J1J51OY133utVwtZVMLewoHG0="></latexit><latexit sha1_base64="20J1J51OY133utVwtZVMLewoHG0="></latexit><latexit sha1_base64="OkZ9XlG35AfZy/ZS0kRmi1pvq98="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit><latexit sha1_base64="Tf2aqa2aRwPAXGqukbWSvVNdVH4="></latexit>

xinf = 77 mm

⌘0 ⇠ 8 m

�0 ⇠ 7 m
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Set					 And	vary	kick	k,	momentum	δ, θinj{	
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A = ±
q

(xinf � �⌘0 � k�0)2 + (x0
inf�0)2

! |A| � x0
inf�0 ⇠ (3 mrad)(7 m) ⇠ 21 mm
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(56%)	

(74%)	
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(93%)	

(100%)	
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A = ±
q
(xinf � �(⌘0 � ⌘inf )� k�0)2 + ((x0

inf + ⌘0inf�)�0)2

and

tan�0 =
xinf � �(⌘0 � ⌘inf )� k�0

(x0
inf + ⌘0inf )�0

The extremes of displacement become

xext = ±|A|+ (⌘0 � ⌘inf )�
<latexit sha1_base64="if140cXCwLM91v/F9wikWi87d70="></latexit><latexit sha1_base64="if140cXCwLM91v/F9wikWi87d70="></latexit><latexit sha1_base64="if140cXCwLM91v/F9wikWi87d70="></latexit><latexit sha1_base64="if140cXCwLM91v/F9wikWi87d70="></latexit>

1/22/19	 D.	Rubin	 57	

Suppose	there	is	finite	dispersion	at	the	inflector	exit	
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Some	Facts	
	
	•  Storage	fraction	is	optimal	if	beam	enters	inflector	with	outward	going	angle	(+3.5	mrad)	

•  Inflector	is	rotated	about	downstream	end	by	-2.3	mrad	(pointing	radially	inward)	
•  Storage	optimized	with	Binf		~	1.5%	high	
•  Storage	fraction	increases	rapidly	with	kicker	voltage	(with	no	plateau	in	sight)	
•  CBO	amplitude	(~	28mm	peak-peak),	depends	weakly	on	kicker	voltage	and	inflector	field	
•  Closed	orbit	displaced		6-10	mm	outward.		

Ø  Displacement	depends	weakly	on	kicker	voltage	and	inflector	field	
•  De-coherence	time	is	long;	~	300	us	=>	narrow	momentum	acceptance	
•  De-coherence	time	increases	with	kicker	voltage	

Ø  More	muons	are	stored,	but	in	a	narrower	momentum	band?	
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1.921m	

-4.21cm	

Center	of	
Hole	37	mm	

8mm/div	

2.556m	upstream	Inflector	
Tangent	Line	

-5.6cm	

2.304m	

Jim	Morgan	
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Magnet Iron, Cryostat, Etc.

3

TØ, IBMS in
gm2ringsim

TØ, IBMS1

IBMS2

IBMS3

Inflector & VacCmbr in Paraview
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Tangent	line	✓inj
<latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit><latexit sha1_base64="zR34pGjKaoXVXW2x0KCPTNbR6dU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqOCh4MVjBWMLbSib7aZdu9nE3UmhhP4OLx5UvPpnvPlv3LQ5aOuDgcd7M8zMCxLBNTrOt1VaWV1b3yhvVra2d3b3qvsHDzpOFWUejUWs2gHRTHDJPOQoWDtRjESBYK1gdJP7rTFTmsfyHicJ8yMykDzklKCR/C4OGZJexuXjtNKr1py6M4O9TNyC1KBAs1f96vZjmkZMIhVE647rJOhnRCGngk0r3VSzhNARGbCOoZJETPvZ7OipfWKUvh3GypREe6b+nshIpPUkCkxnRHCoF71c/M/rpBhe+uajJEUm6XxRmAobYztPwO5zxSiKiSGEKm5utemQKELR5JSH4C6+vEy8s/pV3b07rzWuizTKcATHcAouXEADbqEJHlB4gmd4hTdrbL1Y79bHvLVkFTOH8AfW5w8mZJHe</latexit>

Radially	outward	trajectory		(✓inj > 0)
<latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit><latexit sha1_base64="SL6wmMdziV9MdBRb7GImfxoLWOY=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBOtFCl48VjC20Iaw2W7atZsPdidKif0pXjyoePWfePPfuGlz0NYHA4/3ZpiZ5yeCK7Csb6O0srq2vlHerGxt7+zumdX9OxWnkjKHxiKWXZ8oJnjEHOAgWDeRjIS+YB1/fJX7nQcmFY+jW5gkzA3JMOIBpwS05JnVeh9GDIiX8eh+emmdVDyzZjWsGfAysQtSQwXanvnVH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRiRkys1mp0/xsVYGOIilrgjwTP09kZFQqUno686QwEgtern4n9dLIWi6+qkkBRbR+aIgFRhinOeAB1wyCmKiCaGS61sxHRFJKOi08hDsxZeXiXPauGjYN2e1VrNIo4wO0RGqIxudoxa6Rm3kIIoe0TN6RW/Gk/FivBsf89aSUcwcoD8wPn8AZLiS8g==</latexit>

~Pmagic
<latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit><latexit sha1_base64="rgY9hVuFUirsO9L5WQM/d8Pr5CM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMLbQxrLZTtulm03Y3VRK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQcepYuizWMSqFVKNgkv0DTcCW4lCGoUCm+HoZuY3x6g0j+W9mSQYRHQgeZ8zaqz02BkjI41uZlXOpt1yxa26c5BV4uWkAjka3fJXpxezNEJpmKBatz03MUFGleFM4LTUSTUmlI3oANuWShqhDrL51VNyZpUe6cfKljRkrv6eyGik9SQKbWdEzVAvezPxP6+dmn4tyLhMUoOSLRb1U0FMTGYRkB5XyIyYWEKZ4vZWwoZUUWZsUCUbgrf88irxL6rXVe/uslKv5WkU4QRO4Rw8uII63EIDfGCg4Ble4c15cl6cd+dj0Vpw8plj+APn8wfBmJIy</latexit>
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Magic	momentum	

�p/p = +0.001
<latexit sha1_base64="uT7rAXa0jyMb1krkT6iHHKuvuvA=">AAAB/XicbZDNSsNAFIUn9a/Wv6i4cjNYBEGoiQjWhVDQhcsKxhbaUCbTm3boJBlmJkIJBV/FjQsVt76HO9/GSZuFVg8MfJx7L/fOCQRnSjvOl1VaWFxaXimvVtbWNza37O2de5WkkoJHE57IdkAUcBaDp5nm0BYSSBRwaAWjq7zeegCpWBLf6bEAPyKDmIWMEm2snr3XvQauCRYnAl/iY+zUHMet9OxqDrnwX3ALqKJCzZ792e0nNI0g1pQTpTquI7SfEakZ5TCpdFMFgtARGUDHYEwiUH42PX+CD43Tx2EizYs1nro/JzISKTWOAtMZET1U87Xc/K/WSXVY9zMWi1RDTGeLwpRjneA8C9xnEqjmYwOESmZuxXRIJKHaJJaH4M5/+S94p7WLmnt7Vm3UizTKaB8doCPkonPUQDeoiTxEUYae0At6tR6tZ+vNep+1lqxiZhf9kvXxDRgEkn0=</latexit><latexit sha1_base64="uT7rAXa0jyMb1krkT6iHHKuvuvA=">AAAB/XicbZDNSsNAFIUn9a/Wv6i4cjNYBEGoiQjWhVDQhcsKxhbaUCbTm3boJBlmJkIJBV/FjQsVt76HO9/GSZuFVg8MfJx7L/fOCQRnSjvOl1VaWFxaXimvVtbWNza37O2de5WkkoJHE57IdkAUcBaDp5nm0BYSSBRwaAWjq7zeegCpWBLf6bEAPyKDmIWMEm2snr3XvQauCRYnAl/iY+zUHMet9OxqDrnwX3ALqKJCzZ792e0nNI0g1pQTpTquI7SfEakZ5TCpdFMFgtARGUDHYEwiUH42PX+CD43Tx2EizYs1nro/JzISKTWOAtMZET1U87Xc/K/WSXVY9zMWi1RDTGeLwpRjneA8C9xnEqjmYwOESmZuxXRIJKHaJJaH4M5/+S94p7WLmnt7Vm3UizTKaB8doCPkonPUQDeoiTxEUYae0At6tR6tZ+vNep+1lqxiZhf9kvXxDRgEkn0=</latexit><latexit sha1_base64="uT7rAXa0jyMb1krkT6iHHKuvuvA=">AAAB/XicbZDNSsNAFIUn9a/Wv6i4cjNYBEGoiQjWhVDQhcsKxhbaUCbTm3boJBlmJkIJBV/FjQsVt76HO9/GSZuFVg8MfJx7L/fOCQRnSjvOl1VaWFxaXimvVtbWNza37O2de5WkkoJHE57IdkAUcBaDp5nm0BYSSBRwaAWjq7zeegCpWBLf6bEAPyKDmIWMEm2snr3XvQauCRYnAl/iY+zUHMet9OxqDrnwX3ALqKJCzZ792e0nNI0g1pQTpTquI7SfEakZ5TCpdFMFgtARGUDHYEwiUH42PX+CD43Tx2EizYs1nro/JzISKTWOAtMZET1U87Xc/K/WSXVY9zMWi1RDTGeLwpRjneA8C9xnEqjmYwOESmZuxXRIJKHaJJaH4M5/+S94p7WLmnt7Vm3UizTKaB8doCPkonPUQDeoiTxEUYae0At6tR6tZ+vNep+1lqxiZhf9kvXxDRgEkn0=</latexit><latexit sha1_base64="uT7rAXa0jyMb1krkT6iHHKuvuvA=">AAAB/XicbZDNSsNAFIUn9a/Wv6i4cjNYBEGoiQjWhVDQhcsKxhbaUCbTm3boJBlmJkIJBV/FjQsVt76HO9/GSZuFVg8MfJx7L/fOCQRnSjvOl1VaWFxaXimvVtbWNza37O2de5WkkoJHE57IdkAUcBaDp5nm0BYSSBRwaAWjq7zeegCpWBLf6bEAPyKDmIWMEm2snr3XvQauCRYnAl/iY+zUHMet9OxqDrnwX3ALqKJCzZ792e0nNI0g1pQTpTquI7SfEakZ5TCpdFMFgtARGUDHYEwiUH42PX+CD43Tx2EizYs1nro/JzISKTWOAtMZET1U87Xc/K/WSXVY9zMWi1RDTGeLwpRjneA8C9xnEqjmYwOESmZuxXRIJKHaJJaH4M5/+S94p7WLmnt7Vm3UizTKaB8doCPkonPUQDeoiTxEUYae0At6tR6tZ+vNep+1lqxiZhf9kvXxDRgEkn0=</latexit>

�p/p = �0.001
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Summary	
	
	What	we	know	(or	suspect)	

•  Inflector	is	tilted	clockwise	about	exit	(-2.3	mrad)	
•  Beam	trajectory	from	end	of	M5	and	into	backleg	and	inflector	is	directed	radially	

outwards	by	a	few	mrad	
Ø  Beam	exiting	inflector	is	likewise	directed	radially	outwards	

•  ‘Large’	angle	at	inflector	exit	with	respect	to	tangent	line		
Ø  CBO	amplitude	depends	weakly	on	kick		
Ø  Momentum	acceptance	skewed	high	
Ø  Optimal	kick	is	‘high’	

•  Optimal	inflector	current	(inflector	exit	angle)	is	high	
•  Kicker	field	is	?	

There	are	alternative	scenarios	(parameter	sets)	that	are	equally	compelling;		
•  trajectory	exiting	inflector	is	radially	inward	and	kicker	field	is	low	
•  Trajectory	is	straight	ahead	and	kicker	field	is	very	low	

With	our	now	stable	conditions	
Data	from	dedicated	scans	of	inflector	field	(exit	angle)	and	kicker	voltage,	with	fiber	
harps	would	help	to	constrain	the	phase	space	of	solutions	
		



-20

-10

0

10

20

30

40

50

60

70

0 200 400 600 800 1000 1200 1400 1600

Am
pl
itu
de

Time [ns]

'kicker1data.txt' u 1:2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 200 400 600 800 1000 1200

/f
ie
ld
_m
ap
s/
pl
ot
_k
ic
ke
r_
fie
ld
.g
nu

ki
ck

am
pl
itu
de

time [ns]

S
un
N
ov
19
13
:1
6:
57
20
17

‘Ideal’	kicker	pulse	

Magnetometer	
measurement	of	kicker	1	

1/22/19	 D.	Rubin	 65	



 0

 1

 2

 3

 4

 100  150  200  250  300  350  400  450

kick_scan_20150328/20171118_232900
kick_scan_20171113/20171118_115449

p
lo

tt
in

g
 s

cr
ip

ts
/V

p
ar

am
2
_
co

m
p
ar

e.
g
n
u

%
 c

ap
tu

re
d S

u
n
 N

o
v 

1
9
 2

1
:0

0
:2

9
 2

0
1
7

measured 11-17
ideal

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

 100  150  200  250  300  350  400  450

kick_scan_20150328/20171118_232900
kick_scan_20171113/20171118_115449

p
lo

tt
in

g
 s

cr
ip

ts
/V

p
ar

am
2
_
co

m
p
ar

e.
g
n
u

CB
O 

am
pl

itu
de

 [m
m

]

measured 11-17
ideal

Measured/ideal	=	70%	

Capture	vs	pulse	shape	

Residual	CBO	vs	pulse	shape	

1/22/19	 D.	Rubin	 66	



-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 200 400 600 800 1000 1200

/f
ie
ld
_m
ap
s/
ki
ck
er
1d
at
a.
tx
t
/f
ie
ld
_m
ap
s/
ki
ck
er
1d
at
a_
ha
lft
ai
l.t
xt

Am
pl
itu
de

Time [ns]

S
un
N
ov
19
13
:2
4:
08
20
17

kicker1
kicker1 - half tail

Suppose	we	are	able	to	reduce	the	secondary	pulses	by	1/2	

1/22/19	 D.	Rubin	 67	



 0

 1

 2

 3

 4

 100  150  200  250  300  350  400  450

kick_scan_20171118_halftail/20171119_124116
kick_scan_20171113/20171114_101423

p
lo

tt
in

g
 s

cr
ip

ts
/V

p
ar

am
2
_
co

m
p
ar

e.
g
n
u

%
 c

ap
tu

re
d S

u
n
 N

o
v 

1
9
 2

3
:2

5
:2

2
 2

0
1
7

measured 11-17
halftail

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 100  150  200  250  300  350  400  450

kick_scan_20171118_halftail/20171119_124116
kick_scan_20171113/20171114_101423

p
lo

tt
in

g
 s

cr
ip

ts
/V

p
ar

am
2
_
co

m
p
ar

e.
g
n
u

CB
O 

am
pl

itu
de

 [m
m

]

measured 11-17
ideal

Measured/reduced	tail	=	86%		

Reduced	tail/ideal	=	78%		

Compare		
•  Measured	pulse	shape	
•  Measured	with	½	tail	
	

Capture	efficiency		

Residual	CBO	
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Trajectory through injection channel 

Beam	exits	centered	in	inflector	
tangent	to	and	displaced	77mm	
from	ring	central	orbit	
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Scraping		

collimator	

Distribution	on	first	turn	
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Displace	collimator	to	scrape	off	tails	

Displaced	
collimator	
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Displaced	
radially	out	
and	up	

Displaced	
radially	in	
and	up	
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It	is	difficult	to	move	the	scrapers	
	
Instead	we	displace	the	muon	closed	orbit	

+32kV

+32kV

-32kV-32kV

Nominal field configuration

Reduce	voltage	on	bottom	plate	
and	orbit	shifts	downward	

Reduce	voltage	on	inner(outer)	plate	
and	orbit	shifts	out(in)	



From the NIM paper

Temporary values (kV) for E989

top bottom inner outer

Q1 +32 +22.7 -32 -32

Q2 +32 +22.7 -22.7 -32

Q3 +32 +22.7 -32 -32

Q4 +32 +22.7 -32 -22.7

*scaling NIM paper value to 32kV, but some document says 75% for the interim voltage.
76	January	21,	2019	 D.	Rubin	
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Potential	map	for	each	of	
four	quad	plates	

bottom	

inner	

top	

outer	

January	21,	2019	 D.	Rubin	
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		Tunes	at	Injection															Tunes	after	ramp	
Qx								0.9137																													0.9039						
Qy								0.4090																													0.4403	
	

Closed	orbit,	tunes,	and	β	at	
injection	and	after	ramp	
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Closed	orbit	at	injection	

Top	 Bottom	 Inner	 Outer	

Q1	 32	 22.7	 -32	 -32	

Q2	 32	 22.7	 -22.7	 -32	

Q3	 32	 22.7	 -32	 -32	

Q4	 32	 22.7	 -32	 -22.7	

Quad	voltage	at	injection	

7/25/17	 g-2	Boston	-	D.	Rubin															

Closed	orbit	
after	ramp	



E821 Electric Quad Scraping 

3 

79	

injection	

E821	Quad	voltage	ramp	

store	

January	21,	2019	 D.	Rubin	
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•  At	t=0,	inject	muons	on	to	
displaced	closed	orbit?	

•  Track	1000	turns	
•  Quad	plate	voltage	ramps	as	

in	E821	
•  (Plot	shows	orbit	at	exit	of	

Q4	on	each	turn)	
	
	
Orbit	shifted	to	center	of	
aperture	as	quads	ramp	to	
nominal	(symmetric	voltage)	

	
A	small	horizontal	betatron	
oscillation	is	introduced	by	the	
ramp	

January	21,	2019	 D.	Rubin	
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Higher	inflector	field	compensates	positive	inflector	exit	angle	
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V line D5 to g-2 ring

DQQ   Q  QQD QQQQ
HV   H  VH  HHVHfocusing in

E	821	
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θ=0	

Muon	trajectory	is	
along	tangent	line	
(inflector	center	line)	
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1.Dispersion	at	inflector	exit		
			matches	dispersion	into	ring	

•  Ring	aperture	=	±4cm	
•  Inflector	aperture	=	±9mm	
•  Ring	dispersion	η0=8m	
•  =>	Energy	acceptance	in	ring	ΔE/E	=	0.5	%	
•  =>	Energy	acceptance	through	inflector	ΔE/

E	=	0.11	%	
	
Real	acceptance	=	0.11	%		and	no	losses	in	ring	

σx=	[βε	+	(ηδ)2]1/2,							δ=0.11%	

Beam	fits	comfortably	into	ring	aperture	
-  0.11%	energy	acceptance	
-  No	energy	modulation	of	beam	size	
-  “breathing”	at	twice	the	betatron	tune	
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2.Dispersion	at	inflector	exit	is	zero	

•  Ring	aperture	=	±4cm	
•  Inflector	aperture	=	±9mm	
•  Ring	dispersion	ηmin=0		=>	ηmax	=	2η0=	16m	
•  =>	Energy	acceptance	in	ring	ΔE/E	=	0.25	%	
•  =>	Energy	acceptance	through	inflector				

ΔE/E	=	∞	
	
Real	acceptance	=	0.25	%			
				and	all	losses	are	in	ring	

σx=	[βε	+	(ηδ)2]1/2,							δ=0.05%	

All	energies	fit	through	inflector.		
-  All	muons	with	ΔE/E	>	0.25	%	are	scraped	

off	in	the	ring	
-  Deep	modulation	of	beam	size															

(ηmax/ηmin	=	∞)	at	the	betatron	tune		
-  “breathing”	at	twice	the	betatron	tune	
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3.Dispersion	at	inflector	exit	is	½		
			match	value	

•  Ring	aperture	=	±4cm	
•  Inflector	aperture	=	±9mm	
•  Ring	dispersion	ηmin=	½η0	=>	ηmax	=	1.5η0=	

12m	
•  =>	Energy	acceptance	in	ring	ΔE/E	=	0.25	%	
•  =>	Energy	acceptance	through	inflector				

ΔE/E	=	0.009/4	=	0.23	%	
	
Real	acceptance	=	0.23	%			
				with	no	losses	in	ring	

σx=	[βε	+	(ηδ)2]1/2,							δ=0.023%	

Acceptance	of	inflector	≤	acceptance	of	ring.		
-  All	muons	with	ΔE/E	>	0.23	%	are	lost	in	

inflector	
-  Modest	modulation	of	beam	size											

(ηmax	/ηmin	=	3)	at	the	betatron	tune		
-  “breathing”	at	twice	the	betatron	tune	
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First	turn	Second	turn	

Hole	through	iron	

β,α	at	s=0	are	chosen	so	that	40mm-mrad	beam	fits	through	inflector	aperture.	
Quads	upstream	of	iron	(F-quads	and	D-quads)	optimized	to	achieve	reasonable	values	at	120m	

(Energy	aperture	has	not	been	optimized)	
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40	mm-mrad	beam	clears	inflector	if	at	exit	
βx=2.45,	αx=	-0.41,	βy=19.1,	αy=	0.045	
	
σE/E	=	0.15%	clears	inflector	if	at	exit	
η=	7.96,	η’=0.057	

Propagate	backwards	from	downstream	end	of	inflector	through	backleg	iron	and	
through	beam	line	quadrupoles	

Quadrupoles	
optimized	to	minimize	
α,η,	η’	at	entrance	to	
beam	line	and	with	
“reasonable”	β	

Beam	travels	right	to	left	
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First	turn	Second	turn	

Hole	through	iron	

β,α	at	s=0	are	chosen	so	that	40mm-mrad	beam	fits	through	inflector	aperture.	
Quads	upstream	of	iron	(F-quads	and	D-quads)	optimized	to	achieve	reasonable	values	at	120m	

(Energy	aperture	has	not	been	optimized)	
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Propagate	forward	through	beam	line	quadrupoles,	backleg	iron,	inflector	and	into	ring	

Beam	travels	left	to	right	



May	16,	2013	 D.	Rubin	 95	

 0

 20

 40

 60

 80

 100

 0  10  20  30  40  50  60

σ
[m

m
]

s[m]

σx
σy

ES quad
inflector

backleg iron
quad

Propagate	forward	through	beam	line	quadrupoles,	backleg	iron,	inflector	and	into	ring	

σ	=	[βε	+	(ηδ)2]1/2	
ε	=	40	mm-mrad,		δ	=	0.5%	

Q1	

Q1	requires	
large	aperture	


