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Notes on X-Z exchange with Transverse mode cavity and 1/2 chicane.

These notes are to address what sort of beamline we need to do the emittance exchange. And can we find a solution that exchanges the emittance without dilution.

Only linear optics are used and only an existence proof solution is sought. Something better is undoubtedly possible.  The main point is a solution without dilution. And to understand what is going on through the elements.

Don’s original Chicane derivation.
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The matrix from the 1st bend through the 2nd quad is equal to 
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if we require 
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This is so the 1/2 chicane can be mirrored about the mid point. 

then
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This says Disp = dx/dp/p ~ 2ldθ(1+ql)/dp/p  and dθ=-θdp/p  

Disp= -2lθ(1+ql)

Notation

Note There is a very confusing standard notation between θ and dp.  In the above we have chosen θ positive in the 1st bend and x positive up. This gives the neg sign to disp. ie higher momentum is -dθ and moves the beam to - dx. 

The standard notion ( from Reich et al, Cern DL/70/4)(Also Tigner Chao?) defines x up positive for a down bend. ie Disp is positive for +dp. The edge angles are positive if from a sector magnet the outer edge bends in toward the magnet center. (This is also the notation in T3D.)


[image: image6]
The quads above can be represented by bend edge angles in our chicane. An initial edge angle before BC1 can be used to adjust transverse optics. How ever note that the above derivation uses point (thin lens) bends which optically are equivalent to parallel face magnets. So in going to wedge angles in standard notation (T3D) one must take account of the difference between box and sector magnets. 

4 dimensional thin lens 4Matrix development. 

It is important to develop the x, xp, z, zp notation as we need to keep track of dz as well as the other 3 (x, xp, dp/p=zp).

the thin lens bend matrix
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The dz is relative to the central particle, so dz of the red line in the 1st fig is delayed relative to central and advanced in the second.

One way to think about dz and how to change it is to consider a “wavefront” perpendicular to the central trajectory and how it shifts at the BC. This approach is similar to classical optics.  

The 2 dimensional matrix we developed above for a 1/2 chicane (pg 1)  becomes with the use of  dx’/dpo=0, (dx’/dzo’) or
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One gets 
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Important properties

Define the above 


[image: image11]
we see that C*dx/dp=E and D*dx/dp=F

This will have remarkable results when we go through a thin lens deflecting cavity.

Also ∂z/∂p~=θ*∂x/∂p  for ql <1

The thin lens matrix for the deflecting cavity is 


[image: image12]
This is a coupling matrix. (I should recheck the relative signs)

We will want to set T to cancel the momentum  z’(x) from the x offset generated by dispersion. That is T= - Dsp= -dx/dz0’ 

The propagation of phase space emittance elipses using T3D and Excel program 

I have been using a combination of programs:

T3D to give me numeric R matrices, the 1/2 chicane optics, the initial z.zp elipse that compresses at the center of the chicane.

A graphing calculator program to generate x,xp and z, zp elipses with specific emittances and α,β elipse parameters. From this I select a number of x, xp and z,zp pairs that I will propagate through the beam line by entering  both the R matrices and these pairs into the Excel program.

The excel program 

input: 

x, xp and z, zp pairs for the emittances ellipses.

For each z, zp pair x, xp ellipses will be computed, These will be represented as different series. Similarly z, zp ellipses are generated for each initial x, xp pair. As each ellipse is represented by 13 pairs one ends up with ~13*13 x,xp,z,zp initial and final groups.

Matrices from T3D, and the deflecting cavity matrix: 

· M1 matrix from before chicane to 1/2 way.
· M2 matrix from chicane half way out the other end (not used)
· M3 the cavity thin lens matrix
· M4 a derived matrix after the cavity that brings the emittance families together (ie that all the z, zp elipses for different initial x, xp pairs lie on top of each other.)
Calculation:

The initial x,xp,z,zp groups are multiplied by a matrix (matrix to multiply) and the results plotted. Plots: x-xp, x-z, x-zp, xp-z, xp-zp, z-zp (6 plots) The most interesting are: x-xp, z-zp, xp-z.

To get the matrix to multiply-

One enters by hand the M1, M2, M4 from from T3D. And the appropiate values for M3.

These are then multiplied in excel so that one can enter either M1, M3*M1, M4*M3*M1 into the “matrix to multiply” slot (values only) to get the result at the location you are interested in. 

On the plots it is best to change the plot title to reflect where/what position (through what matrices) the  data is located.

The calculations.

 The initial emittance. 

Emittance used

Transverse ε=  3π mm mr normalized, E=15MeV, γ =30 , un-normalized ε = 0.1 π mm-mr. 

Longitudinal ε σp/p = 2.5-3.8 e-3 (use 3 e-3) or 45 keV, σz = 1.6-2.9 mm (use 2mm) 230mm=Λ -> 0.64 mm/deg, so σz = 3.1 deg   εlong = 45 keV*3.1 deg = 140 kev-deg.

Longit emmit-In mm-mr units this is 3 mr*2mm=6mm-mr.

The chirp to the longitudinal ellipse is adjusted to give an upright emittance at mid chicane using T3D. It will have to be checked if this energy chirp is achievable in CC1.

Transverse 

This is a ellipse shape I have been using in the past and must be checked with beam as to just how reasonable it is, or how to adjust the beam (with quads)  to get it.
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a=0.55, b=7.92, E=0.1   Scale mm, mr
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Longitudinal 

a=-7, b=0.09, E=140  in units of kev- deg

in units of mm-mr this is 


[image: image15]       
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the -a is to transform to z coord from deg coord
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T3D input file this is based on a file of years ago.

The drift space between the BC1 and BC2 is increased from 72.9 to 572.9, and between BC2 and BC3 from 30.2 to 2*615mm ( ie 1.2m more).

We will be most interested in the matrix through nt14. Though there are quad elements at the beginning , they are turned off. The wedge angles are adjusted as discussed above (pg1). 

&Data

er=     0.5110, q=   1, w=    15.0000, xi=     0.0000

freq=   1300.000, pqext=   2.50,ichrom=  1, ibs=  0

smax=    2.0, pqsmax=    2.5

emiti(1)=     0.1000,     0.1000,   140.0000

emito(1)=     0.0000,     0.0000,     0.0000

beami(1)=     0.5510,     7.9200,     0.5360,     7.9850,    -7.0000,     0.0900

beamf(1)=    -0.2300,    10.5700,     0.6290,    13.0300,    -4.6210,     0.0730

beamo(1)=    -0.0505,     9.1297,     2.3069,     8.1542,    -0.1695,     0.0022

xm=     5.0000, xpm=    20.0000

xmi=     2.0000, xpmi=     2.0000, ym=    10.0000, dpmi=     5.0000, dwmi=   400.0000, dpp=     5.0000

xmf=     0.1000, xpmf=     2.0000, dpmf=     1.0000, dwmf=   300.0000

n1=   1, n2=  45, nel1=   1, nel2=  14, np1=   1, np2=  14

mt=  8, nc=  4,  delta=   0.000100, nit=  10

mp=   1,  30,   4,  30,   0,   0,   0,   0,   0,   0,   0,   0

mvc=   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0

ijm=   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0

val(1)=     0.0000,     0.0000,     0.0000,     0.0000,     0.0000,     0.0000

nprin=  7, ijprin(1,1)=  1,  1,  1,  3,  1,  5,  1, 25,  4, 25,  1, 29,  4, 29

nxtra=  0

nt(  1)=   1, a(1,  1)=   316.0000

nt(  2)=   3, a(1,  2)=     0.0000,   106.0000

nt(  3)=   1, a(1,  3)=    60.0000

nt(  4)=   3, a(1,  4)=     0.0000,   106.0000

nt(  5)=   1, a(1,  5)=   222.0000

nt(  6)=   1, a(1,  6)=    35.0000

nt(  7)=   9, a(1,  7)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  8)=   8, a(1,  8)=    22.5000,   758.0000,     0.0000

nt(  9)=   9, a(1,  9)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 10)=   1, a(1, 10)=   572.9000

nt( 11)=   9, a(1, 11)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 12)=   8, a(1, 12)=   -22.5000,   758.0000,     0.0000

nt( 13)=   9, a(1, 13)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 14)=   1, a(1, 14)=   615.0000

nt( 15)=   1, a(1, 15)=   615.0000

nt( 16)=   9, a(1, 16)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 17)=   8, a(1, 17)=   -22.5000,   758.0000,     0.0000

nt( 18)=   9, a(1, 18)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 19)=   1, a(1, 19)=   572.9000

nt( 20)=   9, a(1, 20)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 21)=   8, a(1, 21)=    22.5000,   758.0000,     0.0000

nt( 22)=   9, a(1, 22)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 23)=   1, a(1, 23)=    35.0000

nt( 24)=   1, a(1, 24)=   305.0000

nt( 25)=   3, a(1, 25)=     1.2000,   106.0000

nt( 26)=   1, a(1, 26)=    60.0000

nt( 27)=   3, a(1, 27)=    -1.4000,   106.0000

nt( 28)=   1, a(1, 28)=    60.0000

nt( 29)=   3, a(1, 29)=     0.6000,   106.0000

nt( 30)=   1, a(1, 30)=   232.0000

nt( 31)=   1, a(1, 31)=  1000.0000

nt( 32)=   1, a(1, 32)=    50.5000

............

Matrix to mid chicane (through nt14) with the dp/dz chirp to give upright ellipse.
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This shows a Disp of .33m and Disp’ of zero. Also ∂z/∂p is ~sinθ*∂x/∂p. E=C ∂x/∂p,   

F=D ∂x/∂p.

The cavity matrix M3 is 

	M3
	
	
	
	

	trans cavity
	
	
	
	

	
	1
	0
	0
	0

	
	0
	1
	-3.0155
	0

	
	0
	0
	1
	0

	
	-3.0155
	0
	0
	1


The transport to after the cavity. Note the C, D and ∂p/∂p elements have become zero.

	M3*M1
	
	
	
	

	
	-0.21885
	1.53907
	0
	0.33162

	
	-6.025E-06
	-9.405E-06
	-3.0155
	-0.36590077

	
	-0.23445
	0.13351
	1
	0.12134

	
	0.659942175
	-4.641065585
	0
	-1.1E-07


The M4 matrix of a quad and then bend has been adjusted to give overlap of the resulting z-zp ellipses.
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M4 matrix
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The resulting final matrix M4*M3*M1 is 

	M4*(M3*M1)
	
	
	
	

	
	-0.00297418
	0.020865827
	-2.923557405
	-0.465946577

	
	0.004044882
	-0.02845175
	-0.34841087
	-0.398366376

	
	-0.236790483
	0.149952652
	0.01718824
	0.002049143

	
	0.659942175
	-4.641065585
	0
	-1.1E-07


Figures from Excel

Initial 
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After 1/2 chicane M1
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[image: image28]
After the cavity
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With M4 adjusted optics Q and Bend and drift
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The xp-z correlation has been removed.

Discussion

Some summary

We have finally managed to exchange the x-xp and the z-zp emittances without dilution.

That is x-xp is now 6mm-mr, and z-zp is 0.1 mm-mr. This is an in principal solution with linear thin lens optics, and will need additional work like getting the beam back into the straight ahead line and what is happening to the y plane.

After the cavity there was a z xp correlation that led to diluted projected z-zp emittance. The dilution got worse if one just continued with the 2nd half of the chicane.

The z xp correlation was removed by using a 3rd bend BC3 preceded by a quadrupole. The quadrupole focused the large x spot size at the bend so that it did not contribute to the dz at the bend. The bend angle was adjusted to reduce the z-xp correlation to zero.  

Initial x, xp  ~ 0.9*0.11= 0.1 mm mr ( 3pi *1/30 gamma)

initial z, zp ~ 2.27*2.63= 5.97 mm mr ( started with 2*3)

shear term -8 mr dp/p/mm-z

The elipse after cavity M3*M1 

The x, xp ellipse 

All the xp for a particular z,zp have collapsed to the same value. ie the x*xp emittance for one pair of z, zp is zero.

The x, xp emittance is ~ 6.2* 0.97= 6.01  this is indeed the initial z, zp emittance.

The Z,Zp slice elipses are spread in z having to do with z compression achieved.

Each elipse (from a particular initial z,zp pair) gives 0.21*0.45= 0.095 mm mr. Or from an estimate in the other 90 deg axis  pair 0.1*1.0= 0.1 mm mr

That is the initial x*xp emitt. 

The z centers of families of initial z, zp +- .33 in z. An estimate of the overall area is 0.4*1.0 = 0.4 mm mr (The edges would give 0.5*1.0 =0.5 mm mr, A more weighted density would probably give 0.25*1= 0.25 mm mr

So Ex,xp  0.1 >  6.0

      Ez,zp  6.0 > 0.4 

product    0.6 >  2.4   ie 4 times dilution. ( This might be as good as 2.5 times with density weighting.

What about the slice smear??  There is a correlation Z per Xp = -0.3mm z/mr xp.

We have learned something about bends and wavefronts and how to change dz.  It looks like we can get things back together with suitable downstream optics. This is given by M4 and gives the resulting ellipses. 

All for now.

Not proof read.

Sept10  Look at vertical

T3D with the M4 matrix  (look only at y, y’)
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excel using the M4 matrix

	Mat to mult
	
	
	
	

	
	2.292934361
	6.830171178
	0
	0

	
	1.170081188
	3.921554681
	0
	0

	
	0
	0
	1
	0

	
	0
	0
	0
	1


Why are the edge angles in bend 3 the way they are?

&Data

er=     0.5110, q=   1, w=    15.0000, xi=     0.0000

freq=   1300.000, pqext=   2.50,ichrom=  1, ibs=  0

smax=    2.0, pqsmax=    2.5

emiti(1)=     0.1000,     0.1000,   140.0000

emito(1)=     0.0000,     0.0000,     0.0000

beami(1)=     0.5510,     7.9200,     0.5360,     7.9850,    -7.0000,     0.0900

beamf(1)=    -0.2300,    10.5700,     0.6290,    13.0300,    -4.6210,     0.0730

beamo(1)=     0.0000,     0.0000,     0.0000,     0.0000,     0.0000,     0.0000

xm=     5.0000, xpm=    20.0000

xmi=     2.0000, xpmi=     2.0000, ym=    10.0000, dpmi=     5.0000, dwmi=   400.0000, dpp=     5.0000

xmf=     0.1000, xpmf=     2.0000, dpmf=     1.0000, dwmf=   300.0000

n1=   1, n2=  48, nel1=   1, nel2=  21, np1=   1, np2=  21

mt=  8, nc=  4,  delta=   0.000100, nit=  10

mp=   1,  33,   4,  33,   0,   0,   0,   0,   0,   0,   0,   0

mvc=   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0

ijm=   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0

val(1)=     0.0000,     0.0000,     0.0000,     0.0000,     0.0000,     0.0000

nprin=  7, ijprin(1,1)=  1,  1,  1,  3,  1,  5,  1, 25,  4, 25,  1, 29,  4, 29

nxtra=  0

nt(  1)=   1, a(1,  1)=   316.0000

nt(  2)=   3, a(1,  2)=     0.0000,   106.0000

nt(  3)=   1, a(1,  3)=    60.0000

nt(  4)=   3, a(1,  4)=     0.0000,   106.0000

nt(  5)=   1, a(1,  5)=   222.0000

nt(  6)=   1, a(1,  6)=    35.0000

nt(  7)=   9, a(1,  7)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  8)=   8, a(1,  8)=    22.5000,   758.0000,     0.0000

nt(  9)=   9, a(1,  9)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 10)=   1, a(1, 10)=   572.9000

nt( 11)=   9, a(1, 11)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 12)=   8, a(1, 12)=   -22.5000,   758.0000,     0.0000

nt( 13)=   9, a(1, 13)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 14)=   1, a(1, 14)=   615.0000

nt( 15)=   1, a(1, 15)=   300.0000

nt( 16)=   2, a(1, 16)=  1000.0000, -1000.0000,     0.0000

nt( 17)=   1, a(1, 17)=   860.0000

nt( 18)=   9, a(1, 18)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 19)=   8, a(1, 19)=   -20.0000,   758.0000,     0.0000

nt( 20)=   9, a(1, 20)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 21)=   1, a(1, 21)=   200.0000

nt( 22)=   1, a(1, 22)=   372.0000

nt( 23)=   9, a(1, 23)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 24)=   8, a(1, 24)=    22.5000,   758.0000,     0.0000

nt( 25)=   9, a(1, 25)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 26)=   1, a(1, 26)=    35.0000

nt( 27)=   1, a(1, 27)=   305.0000
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look only at Y!!

Need to try a doublet after the cavity.

Sept 18 recheck M4
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make drift after bend longer

200> to 300
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500


[image: image39]
The momentum compaction difference is only in R56 (-.00325) This term was 0.12 in 1st half chicane.

look at bend angles  - what I have been using


[image: image40]
The -20 bend is right sign

the edge angles are like for the 1st chicane magnet

The 2nd 7.5, 15, -b

The 3rd mag would be 15, 7.5, -b, 

4th 7.5-15, +b

should see just how much this does.

Oct 3 06

2nd half chicane

try to find soln with 22.5, deg bend 3 edges, and a doublet in front.

after bend 3 200mm


[image: image41]
nt8  very sensative to quad settings


[image: image42]
\

after nt9


[image: image43]

[image: image44]

[image: image45]
M4.2M3M1 at 200mm

	-0.001778413
	0.012441954
	-3.773566545
	-0.591441188

	-0.00552632
	0.038806138
	-3.37175117
	-0.793464549

	-0.238460386
	0.161695617
	-0.022525895
	-0.002819513

	0.659942175
	-4.641065585
	0
	-1.1E-07


Now at 573mm

	-0.003842452
	0.026935795
	-5.030909425
	-0.887323373

	-0.00552632
	0.038806138
	-3.37175117
	-0.793464549

	-0.23818981
	0.15979278
	-0.022525895
	-0.002819513

	0.659942175
	-4.641065585
	0
	-1.1E-07


shows need of focusing


[image: image46]

[image: image47]
\

A look at Y

with M4 optics

M4

	2.61837
	2.24227
	0
	0

	1.46319
	1.63494
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1


M1

	1.12516
	2.37371
	0
	0

	-0.29129
	0.27424
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1


M4M3M1

	2.292934361
	6.830171178
	0
	0

	1.170081188
	3.921554681
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1



[image: image48]
M4.2 at 200mm

	0.45391
	0.6708
	0
	0

	-1.6693
	-0.26386
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1


M4M2M1

	0.315324044
	1.261410898
	0
	0

	-1.801369809
	-4.034795069
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1



[image: image49]
M4.2 at 573mm

	-0.16857
	0.57241
	0
	0

	-1.6693
	-0.26386
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1


M4M3M1

	-0.35640553
	-0.243158576
	0
	0

	-1.801369809
	-4.034795069
	0
	0

	0
	0
	1
	0

	0
	0
	0
	1



[image: image50]
Now look after bend 4 
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[image: image53]
after B4


[image: image54]
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[image: image56]
after B4

Oct 10 

get matrix just through 2nd half chicane ( no triplet) usinf April emmit adj3mid chicane1

This through n16 has same matrix as in M2

not just through element n8

nt(  1)=   1, a(1,  1)=   615.0000

nt(  2)=   9, a(1,  2)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  3)=   8, a(1,  3)=   -22.5000,   758.0000,     0.0000

nt(  4)=   9, a(1,  4)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  5)=   1, a(1,  5)=   572.9000

nt(  6)=   9, a(1,  6)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  7)=   8, a(1,  7)=    22.5000,   758.0000,     0.0000

nt(  8)=   9, a(1,  8)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000


[image: image57]
M2.2M3M1

	-0.437710411
	3.078123955
	-5.198722
	-0.299192891

	0.309449523
	-2.176202867
	0.659942175
	-0.154374666

	-0.154977765
	-0.425363999
	2.00000011
	0.24268

	0.659942175
	-4.641065585
	0
	-1.1E-07



[image: image58]

[image: image59]
Now try looking at between B3 and B4. Maybe can fix here?

nt(  1)=   1, a(1,  1)=   615.0000

nt(  2)=   9, a(1,  2)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  3)=   8, a(1,  3)=   -22.5000,   758.0000,     0.0000

nt(  4)=   9, a(1,  4)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  5)=   1, a(1,  5)=   200.0000

nt(  6)=   1, a(1,  6)=   372.9000

nt(  7)=   9, a(1,  7)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  8)=   8, a(1,  8)=    22.5000,   758.0000,     0.0000

nt(  9)=   9, a(1,  9)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 10)=   1, a(1, 10)=    35.0000

nt( 11)=   1, a(1, 11)=   305.0000

matrix through nt5
[image: image60]

 SHAPE  \* MERGEFORMAT 
[image: image61]

[image: image62]
Try Q between B3 and B4


[image: image63]
R to nt14  (july matrix M4.2works chic3

nt(  1)=   1, a(1,  1)=   300.0000

nt(  2)=   6, a(1,  2)=     1.2870,   106.0000,   100.0000

nt(  3)=   1, a(1,  3)=   200.0000

nt(  4)=   1, a(1,  4)=    10.0000

nt(  5)=   9, a(1,  5)=    15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  6)=   8, a(1,  6)=   -22.5000,   758.0000,     0.0000

nt(  7)=   9, a(1,  7)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt(  8)=   1, a(1,  8)=   200.0000

nt(  9)=   2, a(1,  9)=  500.0000,   -500.0000,     0.0000

nt( 10)=   1, a(1, 10)=   372.9000

nt( 11)=   9, a(1, 11)=     7.5000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 12)=   8, a(1, 12)=    22.5000,   758.0000,     0.0000

nt( 13)=   9, a(1, 13)=   -15.0000,   758.0000,    57.3000,     0.4500,     0.0000

nt( 14)=   1, a(1, 14)=   300.0000

nt( 15)=   1, a(1, 15)=   615.0000


1

1
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