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Presentation Outline

4. Using TRACE 3-D & TRANSPORT to Solve Problems
= You will use the Simulation Lab computers in the cl assroom

FODO Lattice

Finding Matched Beam for a FODO Lattice

Finding a FODO Lattice for a Matched Beam Requireme nt

Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel [
Fitting Requirements

Transfer Line Matching (Fitting)

Compare TRACE 3-D & TRANSPORT Transfer Line Matchin g (Fitting)

A Few Other Representative Problems ( Homework )
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

Using R-matrix Constraints to Solve Problems

» Consider particle starting (point @) on-axis: Xa=0and y;=0
» Let the Reference Velocity = vg

* The change in the x-coordinate at the end (point D) of a system [Xy]
due small initial velocities  [Vxa, W4l away from the axis is:

Xp = Ruz [X'a] + Rua [Y'd]
where X'a=Wa/ Vs=(PXh/Ps and Y'a=Wal/Vs= (Pyh/Ps

* Suppose we want a lens system that will bring a gro up of such on
axis particles back to the x axis.
= This could be accomplished for  ALL Vxaand Vy,if (and only if):

Ri2=Ria=0
e The condition R;»=0 — "Point-to-Point" Focus in x
o Similarly if R3,=0 = "Point-to-Point" Focus in y
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

= Individual R-matrix Element Constraints Achieve Dif ferent Goals

Some Useful R-Matrix Fitting Constraints

« Traceof R-Matrix for stability in a periodic system: (1/2) [TrR]| < 1
» For point-to-point opticsin the horizontal (x) direction: Ri>,=0
o For paralle-to-parallel opticsin the horizontal (x) direction: R,1=0
 For paralld-to-point opticsin the horizontal (x) direction: Ri1=0
» For point-to-paralle opticsin the horizontal (x) direction: R,,=0
* For an achromatic system in the horizontal (x) direction: Reg=0and Rg=0

« Similar conditionsfor thevertical (y) direction involving the Ry, submatrix
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

Other R-matrix Properties Useful for Constraint Con ditions

« R11describes dependence of the output "size" Xp On input "size" Xa
= R11 = My = x-Magnification (|R4>1) or Demagnification (jR<1)
Similarly:

= Rs33= My = y-Magnification (|Rs|>1) or Demagnification (Hz<1)

« Ry1 describes dependence of the output angle X', on input "size" Xj:

R,; =- 1 /fy wheref, = x-Focal Length
Similarly:
R4z = - 1 /f, wherefy = y-Focal Length

« If Ry;1 < Othen focusing in X, while Ry; > 0is defocusing in x
- If R43 < 0then focusing in vy, while R43> 0Ois defocusing iny

« For a Quadrupole x andy not the same (R»;# Rs3) = astigmatic lens
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

4. Open the PBO Lab (homework) file saved as:
"Setu p_3_FO DO_]_" B8 Trace3D Maiching Specification

(™ Disable Matching Perform Matching |

Open Match Specification

Beam Matching (Find Matched Twis=s Parameters)

TRANSPORT . “ary Initial Beam to Find the Maiched Beam
il ' {~ 1 Matched beamin X, planes {3 Matched beam in XY, Z planes (Upright}
DeCoX THRTEE ' " 2 Matched beamin Z plane " 4 Matched beam in X, ¥ Z planes
MARYLIE b T
Groph Beam Line
PARMILA-Z b Ttace on Backarotnd Wary Inttial Beam for Desired Final (Output) Beam
PARMILA-Lingraf 3 ™ 13 Fit desired beam in X, ¥ .Z planes Final Beam
FARMILA-Plots b
PARMILA-T3Dile ¢ Parameter Fitting {Find Variables for Match}

Compute All AutoCalcs Vary Selected Element Parameters to Fit Desired Final (Output) Beam

Eae‘l'f"rlm M:’h‘”gd_l " 5 Fit beam in X plane  &Fit beamin X ¥ planes
culate Mismat ;
T ¢ & Fit beam in ¥ plane ¢~ 9 Fit beam in X, Z planes Final Beam
List Windows 3
{~ T Fit beam in Z plane " 12 Fit for round beam

Show Beam Vectors
Show B Matrix

S M \/ary Selected Element Parameters to Fit Desired R or Sigma Matrix

lEalcilate PAEil L e ; . :
it ¥ 10 Fit desired B matrix elements Mol Elmearis !
Options

11 Fit desired Sigma matrix slements

ed Phaze Advances:

SeIeCt the R-Matrlx :‘an:i?:;E;:tp:ﬂ;memnt; in gpecified phase planes
Fitting Specification

Phaze Advances I

gence Critera

] Maximum terations I 10 Matching Tolerance ! 0.000010
Open Matrix Elements |

TRACE 3-D & TRANSPORT Examples-2 6 G. H. Gillesgissociates, Inc.




USPAS 2011 Fundamentals of Proton Linear Acceleratorswith Simulation Lab Old Dominion University

Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

SpeCIfy Point-to-Point -~ Matrix Goal Selection Value
Optics for x Direction: S 0 00000 acot ) | oo |

a. Select the R12 Element —
b. Hit "Accept" Button | Rz | o3 [ Ras | mas | e

Ri4 | RIS | RIB Matrix Elemert | Value Units

— Matrix Goal Selection Value I

[&i2 7| | 0.000000 o Recent bepe |

Bonus Credit! —
Can You Find A Problem =1
In This Window's Info? P31 | Ra2 | Ras JRsd JRas s

R41 | R42 | R43 | R44 IR45 R4&

R13 | R14 | R15 | R18 Watrix Element | Value Units
R1Z 0.000000]  radim

R23 | R24 [ R25 | B26

%1Ft52ﬂ53iFt54R56R56

P61 | B62 | RG3 | RE64 | RES [ RS6

= Save this setup as " Setup_ 4 FODO_1"
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel
4a. Execute a "Perform Matching" TRACE 3-D Command
You should get a point-to-point fit solution that | ooks like this:
Match Qutput File | Perform Mext Matching | msmmmm:a.m&nﬂaﬂ\- Note MMF
Match Parameters Update All Valuss Update Selected Match Value
/
Label | Parameter Name |/ Match Variable | wvaue | Update | Uni =
a1 Ha-gﬁeﬁc—FiehiG:radiﬂrﬂ WVARY 200000000 14388516 Tim =

N

j_> Solution

Coyfle Parameters / Update All Couples | Update Selected Couples /

Update A5 et cwecioime | e ﬂﬁm"ﬂ#ﬁ =
Value &
Couple
Params. 2

= Save this setup as "Setup_4 FODO_ 3"
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel
4bh. Confirmation of a Point-to-Point Focus in x Direction
Open Beam _1, set Beam Parameters to "Semi-Axes - Beam 1"

s p From Twisss Copy from Fin aI; Copy j#m DUHE Tutﬂ-riali
Centroid, Curren Nergy
n : AutoScale Flots |  Set Piot Scales |
U S€E C om p _ istribution Type I»E-D Equivalent Uniform j o
From TWISS" Beam Parameters |5c—mi—;~.xez _Beam 1 — X, y (mmj)
Parameters Value Units Guidance Limits -
Horizontal (x) {mrad)
= Half Beam Extent (x}) l 0.027424 Icm :J 0.0000 10.0000 0.0
ShOUld Have =/ Half Beam Divergence (x) I 0437014 Imrﬂd ;i 0.0000  1.00e+004
E q u |Va.| ent = Emittance (x-x') I 175000 [pi-mm-mrad t 7] 0.0000  100.0000 -2.0000
S . A Vertical (y) -4.0000 0.0 I & D00
emI-AXES | Half Beam Extent (v} ID_DH;E; |.3m ;I 0.0000 10.0000
Data NOW < Half Beam Divergence (y') lu_.';g?mq Imd -] 0.0000 1.00e+004 S
o| Emittance (y-y") I 475000 ipi_mm_mrﬂd t_ll 0.0000  100.0000
(mrad)
5 Half Bzam Extent (z) l 0474474 [cm =] 0.0000  10.0000
| Half Momentum Spread (2"} I 13.800283 I% Percent ;i 0.0000 10,0000 i
|Emittance (z-2') ; 0.0000 1000.0000
5 I ; lpl—mm—mrﬂd t__v_i i otod
Comments:
BEAM 1 -15.0000 0.0
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel
Modify x Semi-Axes Parameters to Approximate a "Poi  nt" Beam:

Reduce the Horizontal "Half Beam Extent (x)" by a Factor of 10:
Half Beam Extent (x) = 0.0027424 cm

Increase the Horizontal "Half Beam Divergence (x)" by 10:
Half Beam Divergence (x) = 4.37014 mrad

Execute a "Graph Beam Line" TRACE 3-D Command
Does System Take Approximate "Point" x-Beam to a ~" Point"?
= Save this example as "Setup_ 4 FODO_ 3 Test"
4c. Make the x-Beam Still More "Point Like"
Change the Horizontal (x) Parameters by Another Fac  tor of 10

Half Beam Extent (x) = 0.00027424 cm
Half Beam Divergence (x) = 43.7014 mrad

Does System Take the More "Point Like" x-Beamtoa  "Point"?
4d. Does this FODO System Also Have a Matched Beam?
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Point to Point, Parallel to Point, Point to Paralle |, Parallel to Parallel

 In example 4 the Quad strengths were solved foraF  ODO cell
(anti-symmetric doublet) to produce a point-to-poin t focus in x.

- Can Directly Verify the Solution Has Condition: Ri,=0
= Use example "Setup 4 FODO 3 Test"
Execute a "Graph Beam Line" TRACE 3-D Command
Execute a "Show R Matrix" TRACE 3-D Command

B2 Trace 3-D History * I [=]
File Edit Font
RE—HATRIXZ (mm. mrad):
—6. 3705531 7=+000 -3.18804676-008 0.00000000=+000 O.00000000e+000 O.00000000=+000 O.00000000=+000
-1 .83p12256e+001 -1 .56972332e-001 O0.00000000e+000 O.00000000e+000 O.00000000e+000 O.00000000e+000
0.00000000e+000 O0Q.00000000e+000 —-1.56972332e—-001 —-3.18804680=-008 0. 00000000=+000 O.0000CO000Qe+000
0.00000000e+000 O0Q.00000000e+000 —-1.83612256e+001 —6.37055317=+000 0O.00000000=e+000 O.0000C000e+000
0.00000000e+000 OQ.00000000e+000 O.00000000e+000 O.00000000e+000 1.00000000e+000 9. 946922792001
0.00000000=e+000 O0Q.00000000e+000 O.00000000e+000 O.00000000e+000 O.00000000e+000 1.00000000e+000
|
7l I

- Look at the Rszmatrix element in Trace 3-D History window.
= What can you conclude?
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Homework: 4.1 FODO for Parallel-to-Parallel Focus. Name
Using TRACE 3-D solve the Setup_1 FODO 1 exampiafparallel-to-parallel focus in x.

Start with the PBO Lab File previously saved:
"Setup_3 FODO_1"

Set a TRACE 3-D Match Specification to achieve mla-to-parallel focus in x.
= Save this example as "Setp FODO_1"

4.1(a) Use TRACE 3-D Command: Perform Matchingorder to get a good match, do you
need to use the Command more than once?

Your Answer: Yes  No__ IfYes, how many itevas used
4.1(b) What values did you get for the MMF and dli@drupole gradients?
Your Answer: MMF = , Q1 Grad = , Q2 Grad =

= Save your solution file as "Setup_5 FODO _
4.1(c) What are the results for the22R,,- submatrix elements?

Your Answer: R;= ,R=
R21 - y B:
4.1(d) Do these quadrupole gradients also achigarallel-to-parallel focus in y?

Your Answer: Yes No
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Homework: 4.2 FODO for Point-to-Parallel Focus. Name
Using TRACE 3-D solve the Setup_1 FODO 1 examplafooint-to-parallel focus in x.

Start with the PBO Lab File previously saved:
"Setup_3 FODO_1"

Set a TRACE 3-D Match Specification to achieve mla-to-parallel focus in x.
= Save this example as "Set@p FODO_1"

4.2(a) Use TRACE 3-D Command: Perform Matchingorder to get a good match, do you
need to use the Command more than once?

Your Answer: Yes  No__ IfYes, how many itevas used
4.2(b) What values did you get for the MMF and dli@drupole gradients?
Your Answer: MMF = , Q1 Grad = , Q2 Grad =

= Save your solution file as "Setup_6 FOOEO _
4.2(c) What are the results for the22R,,- submatrix elements?

Your Answer: R;= ,R=
R21 - y B:
4.2(d) Do these quadrupole gradients also achiggarda-to-parallel focus in y?

Your Answer: Yes No
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