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Introduction (stating the obvious...)

In my personal opinion, the lab 1s to help to get the
feeling of the materials covered in the class.

The best lab 1s for you to think problems by yourself and
solve them by yourself...

But, because the time is limited, I provide a brief
introduction of the code and some examples to you...

Still, the point 1s for you to get the feeling of physics
(we’re not playing a game of clicking 1n the right order),
so please ask questions whenever there 1s not clear.

We mainly use Particle Beam Optics (PBO) Lab and
TRANSPORT.



PBO Lab/TRNASPORT Intro



Global parameters

* PBO is GUI to run several optics codes, TRNASPORT and
etc. In this class we mainly use TRANSPORT.

* Set the global parameters. Parameters with green dots are
relevant to TRANSPORT.

* Let’s make 7 TeV proton beam to run a example from LHC.
* Set the Max Step Size to 1 m.
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* Tip: PBO hangs up a lot so save frequently. (This may be because

Combine elements
Let’s make the LHC like thin lens FODO lattice.

— Just drag/drop elements from the list of elements on the left.
— Elements can be edited via “right-clicking”.
— Start with “beam”. Divide the focusing Quad into 2.
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Adjust drift length

* Double-clicking a Drift icon pops up a window to adjust the
parameters of this drift element. Set Effective Drift Length to
53.14 m.

* Right-click allows edits like copy, delete, and etc.
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Adjust quad parameters

Double-click the middle Quad icon opens the window to set the parameters.

A quad can be specified by 2 parameters. Choose “Field Gradient”.

Set Effective Length to 0.31 m and

Magnetic-Field Gradient to -1993 T/m.

Observe the Thin Lens Focal Length changed to -37.798 m.
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Repeat the same for the first and last Quads but with Length of 0.155 m.
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Set input beam parameters

* Double-clicking Beam icon opens the window to adjust the input. (As you
can probably guess at this point....) The input beam can be specified by
several ways. Set Beam Parameters to Courant-Snyder (Twiss).

 Set beta horizontal to 182.5 m and beta vertical to 31.3 m.
*  What is alpha horizontal/vertical?
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Copy and paste

* Drag the element to the gray “work space”. Clicking the blue band turns it
red. Now, the element on the work space can be inserted into the beam line.

* We can also copy an element via right-clicking into the work space.
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* The copy and paste works also for multiple elements. Let’s make a beam line

with several FODO cells.
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Focusing module (1)

* PBO has a build in module “focusing” for simple things,
which can be opened via Tools >Focusing in the menu bar.

* Buttons should be obvious...
— Initial Particle: set the initial conditions of the tracked particle.
— Ray Trace: plots x and y trajectories of a particle.
— Envelope: plots fx and py.

— Clear: clears traces.
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Focusing module (2)

* Transpose phase spaces are shown in the bottom. The
longitudinal position can be changed by moving the cursor.
The “movie” can be started with the “play” button.
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Focusing module (3)

* Transpose phase spaces are shown in the bottom. The
longitudinal position can be changed by moving the cursor.
The “movie” can be started with the “play” button.

* We chose a 1 m step size so the s-location 1s (step) m.
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Exercise

* Repeat the step of making the lattice and
observe the trace for various initial
conditions and the shape of the ellipse at
various locations. Also play by changing
various parameters:

— Input beam Courant-Snyder parameters.
— Beam energy (in global parameters).
— Drift and quad parameters.

* Save before making changes!



Sub-line

A large beam line can be defined as a collection of sublines.

Surround the FODO cell with the mouse. Then, right-click and
select “Make Subline”. A subline can be made back to
individual elements by “Flatten Subline”.

A 2 A b3
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Beam Quad Drift Quad Drift Quad Beam SUBLINE
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A subline can be copied and pasted like an individual element.
Make a beam line consisting of several FODO cells.
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TRANSPORT setup

« TRNASPORT can be run from the menu bar: Commands >
TRNASPORT > Write Input and Run Transport > With/
Without Fitting. Nothing very interesting happens except for a
text file popping up...

Edlt View | Commands | Tools Tutorial

SPORT TRANSPORT » Write Input and Run Transport » With Fitting

TURTLE » Transport Plot Specification Without Fitting
M8 sEAL ’ Write Input and View
Compute All AutoCalcs View 'Transport Input' File

* To make a plot, we have to set the plot specification first:
Commands > TRANSPORT > Transport Plot Specification.

File Edit View [ Commands| Tools Tutorial
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TURTLE Transport Plot Specification
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Plot Selection
(-' hlatrix b

TRNASPORT setup 2

* To plot px, for instance:

— Select Envelope, Centroid, ... in Plot Selection on the left side.
— Mark Lattice Function vs. Length on the right side.

— Select Accelerator Function BetaX and click Set.
* The other options should be straightforward...
* Then, 1f we run the TRNASPORT again, ...
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Plotting TRANSPORT output

* Buttons should be straightforward.
* The lines can be on/off by clicking the legend.
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Exercise

* Check the values of fx and fy are as expected.

* Change parameters and re-find the matched 1nitial
Courant-Snyder parameters. (eg. Tevatron FODO has
L=30mand F=25m)

* Hint:
in 4 —sinX
l-sm% l+smn¥
sinﬁ=i
2 2F

L=153.45m, F=37.79 m, u=90 deg.



Example: FODO, Thin vs. Thick



Make a thick lattice

* First, let’s save the fx and fy of the thin FODO lattice. Run
TRNASPORT and go to View > TRANSPORT > Plot File,

again. Then do the usual File > Save As ...

* Back to 1 FODO cell and change the drift: 53.14 m > 22.45 m.
Split the middle quad into 2 (no physical reason, just a cosmetic
purpose) and change the quads: 0.155 m > 15.5 m and 1993 T/
m > 19.93 T/m. Check this keeps the focusing length (but
makes the quads thicker).

| || | P | | — | | P

BE |- - B |- BE |- -| B
Quad Drift Quad Quad Drift Quad

QUAD DRFT QUAD AQUAD DRFT QUAD

* Make a beam line consisting of several FODO cells again.
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Beta functions: thin vs. thick

 Run TRANSPORT and observe betas at quads are no longer
identical. We can plot betas of the thin lattice (saved earlier) as
well from Load UserData.
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Exercise

* Re-find the matched initial Courant-Snyder parameters
for the thick lattice. Compare beta functions of the
(matched) thick and thin lattices. We can do itin a
cleaver way or by the numerical trial and error.

e Hint:

cos(vkl/2)  Lsin(\kl/2)
Jksinkl/2)  cos(\kl/2)

(1 L) cosh(vkl)  sinh(vkI)
01 Jksinh(Vkl)  cosh(vkl)

( 1 L) COS(\/EZ/2) ﬁsin(\/zl/2) _( 0.389 157.0)
0 1)l —iksin(Wki/2) cos(vkl/2) -0.0054 0.389

Jisinh(Vkl/2)  cosh(ki/2) O 1 JiesinWkl)  cos(VkD)
(1 L)[ cosh(vkl/2) j%sinh(\/%l/Z)]_( 0389 50'17)

[ cosh(vkl/2)  Lsinh(vkl/2) ](1 I ){ cos(vkl) ﬁsin(\/zl)}

0 1)l Jksinh(Wki/2) cosh(Vki/2) -0.017  0.389

e B
(Bp)



Example: 3 Bump



Intro to TRACE 3D (1)

TRANSPORT can’t handle the orbit distortion so we use
TRACE 3D here.
First, we displace the 1nitial beam centroid position and see
what happens. Load your thin FODO lattice and double click
the Beam 1con. Go to the tab Centroid, Current, Energy and
change the Central Displacement-x to 1mm.
rticle Mass Element ] Centroid, Current, Energy
:am Energy Beam Energy Selection IGIobaI Beam Energy ZI
:am Current| | Parameters Value Units Guidance Limits
squency Centroid
iximum Steg g Centroid Dsplacement@ mm =] -10.0000 10.0000

s Centroid Displacement -x 0.000000 mrad LI -10.0000 10.0000

g Centroid Displacement -y 0.000000 mm v -10.0000 10.0000

5 Centroid Displacement-y* | 0.000000 mrad ? -10.0000  10.0000

g Centroid Displacement -z 0.000000 cm j -10.0000 10.0000

s Centroid Displacement -z’ 0.000000 deltaE(KeV) z -0.0010 0.0010
BEAMOO S




Intro to TRACE 3D (2)

e TRACE 3D can be run from the menu > Commands > TRACE 3D
> (Graph Beam Line. Plots automatically pops up.

File Edit View | Commands | Tools Tutorial

|TRANSPORT | TRANSPORT s li_] o et %1
TURTLE . . ['Aanrarkinn I Flonr Conrdinates
TRACE 3-D > Graph Beam Line
Compute All AutoCalcs HEzaCiliad gl
v Plot Proiections

* Black dots on the bottom plot show the orbit of the beam centroid.
* The periodicity makes sense? (What’s phase advance per cell?)
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Intro to TRACE 3D (3)

* To change the vertical scale of the plot, go to
Commands > TRACE 3D > Options. Then, change
Transverse Profile (ym) under Beam Profile Plot

Scales.

v | Commands | Tools Tutorial

| TRANSPORT S

=] TURTLE »
TRACE 3-D »
Compute All AutoCalcs

i — Y e —
Graph Beam Line

Trace on Background

Beam Energy 7.00000e+00

Beam Current

Frequency

Maximum Step Size

0.000000

1.000000

425.000000

il

Plot Projections
Calculate Phase Advance

Calculate Phase and Energy

Match Specification
Perform Matching
Calculate Mismatch

List Windows »

Beam

BEAMOO

Show Beam Vectors
Show R Matrix
Show Modified Sigma

Calculate PARMILA Units

Options

Graphic Scaling Parameters I Eleme

7 Use Automatic Graphic Scales

Initial Transverse Phase-Space Ellipse Scales
Transverse Phase-space (xmi) | 25.000000 mm
Transverse Phase-space (xpmi) I 10.000000 mrad
Initial Longitudinal Phase-Space Ellispse Scales
Longitudinal Phase-space (dpmi) I 180.000000 deg
Longitudinal Phase-space (dwmi) | 100.000000 keV
Beam Profile Plot Scales

Longitudinal Profile Plot (dpp) I 180.000000 deg
Transverse Profile (ym) I 20.000000 mm
Beam Centroid Displacement Scale

Centroid Scale (xc) 0.000000 mm

W




Dipole bends from quad misalignments

* The programs we’re using don’t handle the orbit distortion. We
introduce a dipole bend with a quad misalignment.

* If a quad 1s misaligned, it effectively acts as a dipole error with
a bend angle B ’'l/(Bp)x (feeddown effect). For example, 1f the
first half quad of our thin lattice 1s misplaced by 1.511 mm,

1993x0.31/2

O = x1.511x107° =20 urad

5955 X 7000

* Let’s place this misalignment into the first half quad of the
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Orbit deviation due to a bend error

* The misalignment can be set at Horizontal Offset in the Location
Tab,

------- ) Bttt | — s - e

et il [] it |

s Horizontal Offset

o Vertical Offset

Orientation

I s Longitudinal Offset

‘ 1.511000 [ mm

| 0.000000 [m
| 0.000000 [m

Element ] Fringe Field I ] Qcaﬁy ]
Parameters Value Guidance Limits
Position

-INF INF
-INF INF
-INF INF

 Run TRACE 3D again (don’t forget to set the beam

displacement to 0) and check the orbit.

— Why is the max/min excursion 3.6 mm? (What’s the formula?)

— Reason for the periodicity?

< ~ - Im ntal) 15U.U Deg.(longitudinal) = = ﬁP2= L) I
3.60 mm fdefault Cgfltrold Scale) )
\"\N‘ /‘/f \.\‘\ ,."'r'/ \.\‘ g 4 ‘.\‘. ,--/./ \.\‘\ g
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2 4 T8 9 1p 12 1P 14 519 20 22 2
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) 36.00 mm(Vertical)” Length= 855200.00 mm




Exercise

* Make a 3 bump over 2 FODO cells.
— Change the size of the bump to half.

— Flip the side of the bump.

.00 mm (O §ontal) I80.0 Deg.(longitudinal) ———NpZ= 40
default Cgffitrofgd Scale) i
= T T

|

—ééJmm (Hefault Lent :oia"--gcgié) o L o A
36.00 Tm(Vertical)™ > Length= £55200.60 mm

* Make a 3 bump over 3 FODO cells.
* Hint:
— The phase advance per cell 1s 90 deg and sqrt(fmax/fmin) = 2.414.

— The middle quad in the cell has a full length whereas we initially
changed the half quad. Also note that the middle quad is defocsing.

E 6 Jm ( efé’u} l;,-\'fent :oic\i"~-§c§f.e) | i )
36.00 mm(Vertical)™ > Length= £55200.190 mm




Example: Closed Orbit Distortion
(Sort of ...)



Lattice with a periodic dipole error

* Introduce the same 1.511 mm misalignment to the first half
quads in all the FODO cells. This will mimic a ring.

jeam Curren:
‘requency

faximum Ste

FA P | | P
2 |- NE VIR | ne
Quad Drift Quad Drift Quad

QUAD DRFT QUAD DRFT QUAD

BEAMOO

| [ [
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 Run TRACE 3D with the 1nitial centroid condition of x=x =0.
Observe the orbit doesn’t hold the 1 FODO cell period.
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Exercise

* Find the closed orbit by adjustlng the initial p051t10n and angle
of the beam. =5 PR PN N N PN
f L L

I‘ o]

2 % 7 § 9 Ip 1z I3 19418 17 1 IS T_Z773 21 T 27 2 23 T 32 3@ 34 T 37 3 39 4

I Ilnt . —2.00 mm .(Hefault Cengt :Qid Scale) .+, s s P
) '855200.00 mn

20+ 00 mm(Vértical

___1 i —

— The general formula of the closed 0rb1t 1S

w52 VBB

2sin(Tv)
.X'(S) - _ 0\//370
24/ B(s)sin(mv)

— Note that y starts at the exit of the dipole error and our lattice
starts at the entrance of the error. So f, a, v we need is ...?

* Repeat the exercise for the cases when the period is 2 FODO
cells and 4 FODO cells. (Possible to find the solution for the 4
cells case? Why?)

* Think about the phase space trajectory of the beam.

cos(y(s)—mv)

[sin(y(s) - wv) — a(s)cos(y(s) - nv) ]



Example: Beta-beating



Introduce a gradient error

* It was hard to produce a nice problem of beta-beating
so we’ll make a simple observation here.

* Increase gradient of the first quad in the third FODO
cell to 2158 Tm. (The difference 1s 165.1 T m) Run
TRANSPORT and observe the beta functions.
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Exercise

* What’s the expected size of the beta-beating? Check
which plane (should) have a larger effect.

* From #27 1 p. 104 of the textbook, the leading order
of the beta-beating 1s —f/f sin(2y). Does the phase
dependence make sense? Is the leading order good
enough?

* Change another quad in downstream and cancel the
beta-beating.



Example: Tevatron FODO Lattice



Make a Tevatron thin FODO lattice

* The beam energy of Tevatron 1s 980 GeV. Repeat the step for
the LHC lattice and make a Tevatron thin FODO lattice.

* Tevatron’s FODO lattice has L =30 m and F'= 25 m. If we
choose a quad thickness of 0.1 m (for instance), the drift
length and gradient should be 29.9 m and 1308.8 T/m.

* Be careful with the half quads and the sign of the gradient.

Energyl Distancel Tutoriall

Parameters /‘Va'l'u\ Units Guidance Limits
= Effective Drift Length >9.900000 } [m 0.1000 7053.9370 ©

s Pipe Aperture Radius 2 I I 1.00e-006 2.00e+004
s Longitudinal ,ii’l Badrupole r

Energy I Distance I Calculate Fringe Integrals I Tutoriall

s Segment Lend

Comments:

Element ] Fringe Field ] Geometry ] Location ]
Quadrupole Strength Ipiek, Gradient Ll
Parameters vatee, Units Guidance Limits
g Effective Length I 0.100000 ) lm v 0.1000 24828 ©
< Magnetic Field at Pole Tip - lﬁ -4.2700 4.2700

LefLe

5 Aperture Radius lm 0.0090 0.5000
s Magnetic-Field Gradient -1308.800000 T/m -42.7000 427000 <&
5 Quadrupole Coefficient K1 - 1/m"2 -0.07130 0.0130

s Rotation (Roll) Angle I 0.000000 lDegrees vI -180.0000 180.0000 <

s Thin Lens Focal Length I 25 000431 l"‘ vI -INF -30.8638




Exercise

* Check the values of fx and py are as expected.

* Introduce a small quadruple field error. (You
can do this by changing the gradient or
inserting another weak quad next to one of

quads.) Is the periodicity of the beta-beating
trivial? Why?



Example: Dispersion



Lattice setup

Replace the drifts of the thin LHC lattice (more than 8 cells recommended)
with Sector Bends of the same length (53.14 m). We specify the dipole strength
with Length & Field and LHC dipoles have ~8.3 T.

Don’t forget to add ETAX in Commands > TRANSPORT > Transport Plot
Specification. (Some people use 7 for Dispersion instead of D.)

Note the unit for Dispersion is mm instead of m for TRANSPORT.

- . i i Element I Fringe Field | Geome
Subline Window . ;
: Dipole Strength - ]
 Edit j gt Length & Field &
Parameters Value Units
s Angle of Bend 1.082148 Degrees
g Central Trajectory Radius 2813.568219 m .
LA A K ? E ‘ —
BaE |- BaE |- - -| &g 5 Central Trajectory Length 53 140000 m ~
Quad Quad Sector Bend Quad , -
: g Magnetic Field Strength 8.300000 - .
QUAD QUAD SBEND QUAD ] =
| g Rotation (Roll) Angle 0.000000 Degrees ]
Multipole Strengths Field Index .
g Field Gradient Index 0.000000
BLELE '.7 '. BLE g Quadrupole Coefficient K1 0.000000 1/m"2
3 3 3 g Sextupole Coefficient K2 0.000000 1/m"3

BEAMOO 5 Octupole Coefficient K3 | 0.000000 1/m"4



Exercise

* What’s the bend angle per cell? How many FODO cells
does LHC have?

* Why doesn’t the dispersion have a period of one FODO
cell? (Remember the case of the orbit distortion.)

* The dispersion is maximum at the end of the 2" cell
and ~5.5 m. Explain the reason for ~5.5 m.

— Hint 1: D = D’ = 0 at the entrance of the lattice.

— Hint 2:
cosu+asinu Psinu 20L(1+1sin%)
M op = —ysinu cosu—-asinu 20L(1-1sin4-1lsin’%) |=?
0 0 1

2
MFODO =7



Example: Dispersion Suppressor



Lattice setup

* Review:
— A dispersion suppressor transforms the dispersion of a periodic lattice to ~0.

— Since we cannot make a ring, we’ll make a dispersion “un”-suppressor to
match to the dispersion of a periodic FODO cell

3000.000000 ——————r——— PUNN—— PUNENN—— NN , 4000.000000 : : .
4500.0000 | - 3000.0000 |-

3000.0000 [~ .0000 -
1500.0000 1000.0000 -
0.000000 1 1 0.000000 1 1 1 L
0.000000 213.8000 427.6000 641.4000 855.200000 0.000000 213.8000 427.6000 641.4000 855.200000
Accumulated Beam Line Length (m) Accumulated Beam Line Length (m)

 Start from the thin lens LHC FODO lattice. The double bend
acromat uses dipoles in two FODO cells.

\

BEAMOO

—

Beam Quad Sector Bend Quad Sector Ben Quad Quad Sector Ben Quad Sector B Quad SUBLINE SUBLINE SUBLINE
——

BEAMOO QUAD S?D QUAD D QUAD QUAD D QUAD S?D QUAD

aticiiig PARICIRRS PANSINSIARG PARIIRRS PANES I CICO] RICICNC] R




Exercise

* By using a double bend acromat, match the dispersion
to that of the periodic FODO cell. Namely, reproduce
the plot on the previous page.

— Hint: remember the formula in the note. What’s the bend
angle and phase advance of the LHC lattice?

0, =0(1- .12 , 0,=0 .12
4sin” 5 4sin” 45
* Check Dmax and Dmin are as expected.
— Hint:
D _OL(+5sm5) 'y _ 0L -3sin5)

ma - 2 - 2
" sin” & sin” &



[o00.00000c |

Exercise (cont.)
* Make a point where D = D’

3000.0000

T T T T TTT

I f" )hl \\ i
D=t | \/ I\

| F Vol |

|r‘~.J Ib,fll
1000.0000 [ ||' .
[ |
[ J‘ !
[ )III \
[0.000000 I ) . .‘\/ .
L | 0.000000 374.1500 748.3000 1122.4500 | 14966

0 in the middle of the lattice.

I 50.000000

25.0000 |

D’ 0000 i

-25.0000

=0 o000l

| 0.000000

1
374.1500

1
748.3000

1
1122.4500

* If you’re ambitious, try with the Tevatron lattice. What’s the
difference compared to the case of the LHC lattice?

1486.6



Example: Collins Insertion



Lattice setup
 We use the Tevatron thin lens lattice instead of the LHCs.

* The insertion is inserted in the middle of a drift. So first we re-
organize our lattice as shown below. (Lat betas to check we
didn’t make any mistake.)

YO(F/2) (F/2)ODO(F/2) (F/2)ODO(F/2) Fr2 072 072 D2 (D/2)OFO(D/2) (D/2)OFO(D/2) (D/2)0l

* Then make and insert the insertion.

00 |r.1 eV §§ :2
I mAmp Drift Quad Drift Quad Drift

 [MHz

[m

s1 D s2 F s1

insertion

| (e ]

Drift
(F/2)ODO(F/2) Fr2 02 insertion 02 D2 (D/2)OFO(D/2)

IooaliEl

SUBLINE e

EEE]

SUBLINE




Exercise

* Adjust the parameters of the elements in the insertion and

make the insertion work.
— Hint I: a’ . o’ tan &
S, =—Sslnu=— , s =
4 4 4 y

— Hist 2: we need a and y in the middle of a drlft.

1
1-(L)° F«/l (2F

\a\

b

o] =

OOOOOO

Accumulated Beam Line Length (m)

 How many meters did we gain? A lot? Not so mush? Why?
Related to this question, why didn’t we use the LHC lattice?

* Why the insertion in the middle of a drift?



Example: Triplet/Matching



Lattice setup

* Qur lattice looks like: l l

P (ml [ml (ml (ml (ml P | — | P9 |— | P [ —
4. \!H!H!| - \!H!H!| | R | K& | —| |X&|.|—| |[m{E}E] | —] | A
&q SUB SUB Quad Drift Quad Drift Quad Drift SUBLINE Drift Marker

BEAMOO FODO QUAD DRFT Qs DS Q4 /D/ Triplet 1

Q3 DRFT Q2 DRFT Q1

— The FODO part 1s the usual LHC thin FODO cell.

— The quad and drift next to FODOs are the half focusing
quad and drift as those in the FODO.

— D1 Drift 1s the space for ATLAS/CMS detector with ~23 m.

— Triplet consists of FODOF. The gradient of all the quads
are 200 T/m. The length of F-quad is 6.3 m and that of D-
quad 1s 11 m. The drift space is 3 m.




Matching setup (1)

* Marker represents the interaction point (IP). We can set
constrains to the optics functions at this location. Here, we want

px

= Py =0.55 m and ax = ay = 0. The constraints can be set by

double clicking the marker and click “open” under “Constraints”.

nergyl Dzstancel |TRANSPORT J

Constraints

Transport
Transport
Transport
Transport

BETAX = 0.550000, Tol = 0.050000
BETAY = 0.550000, Tol = 0.050000
ALPHAX = 0.000000, Tol = 0.100000
ALPHAY =0.000000, Tol = 0.100000

P —— N -

Diagnostics & Command Instructions

-

Open | Remove |

Store

-

Open | Remove |

.omments:

P

Constraint Expression Value Tolerance
| |= | ]o.oooooo :[o.oowoo
(Transverse Beam Matrix is in mm and mr units)
Select Matrix Operators
(¢ Beam Matrix (" Correlation Matrix + | | z |
" RMatrix |Reg ~ 1| - ) |
O Tarx |Reg | if1 ~] cos | _sN | _TAN |
Coumaix  [Res <] it | it ] SQRT| _LOG |
S11 1 S12  S13 | S14 | S15  S16 IHorizontal Beam Half Width (x) :l
S21 | S22 | S23 | 524 | S25 | S26
531  $32  S33 | S34 S35 | 36 IHonzontaI Beam Centroid Position (x) _|
( 7_' Delete
S41 | 542 | 543 | S44 | S4S | 546 Accelerator Function BetaX
S51 | §52 | S53 | S54 | S55 | S56
S61 SB2 SB3 SA4  SBS  SAB |Beam Line Accumulated Length
Constraint Expression Value Tolerance
BETAX 0.5500 0.0500
|BETAY 0.5500 0.0500
ALPHAX 0.0000 0.1000
ALPHAY 0.0000 0.1000




Matching setup (2)

* To match any parameters, we need free parameters. In this case lengths and
focal lengths of D4, D35, Q4 (D), Q5 (F). Parameters similar to those in the
FODO cell will do except for D4. Try ~200 m for D4.

* See the picture below to make one parameter to a free parameter.

*  When we run TRANSPORT, “With Fitting” plots parameters after the
matching and “Without Fitting” plots parameters before the matching.

Energyl Distance Tutoriall <
<
_Parameters Value Units Guidance Limits
<
< g Eff>0tive Drift Length |200_000000 m L’ 1.0000 7053.9401 ©
i - l__100an008 200 .
ipe Aperture Radijpesd _ — Must give parameter a name.
. #¥ Special Parameter Settings - Effective Drift Leng .
s Longitudinal Seg Avoid the same name as
| 5 Segment Length Effective Drift Length The element name.
| Comments: Symbolic Parameter Name: @
‘ | D4

lj' Transport Trace3D ] Optimizer

(" Effective Drift Length = 200.000000 m

BE
@itting Variable: drift4

" Algebraic Expression: quadS ;I




Exercise

* Compare the Courant-Snyder parameters at the
interaction point with and without the
matching. Make sure the matching 1s done
properly. (If not, the 1nitial conditions may be
too far. Try with the other initial conditions.)

* Matching the Courant-Snyder parameters 1s
not quite enough. What’s missing?



My initial conditions

File Edit Font

(21) *DRIFT*  DRFT  53.14000 M

213.645 M FODO

( 22) *QUAD* QUAD 0.15500 M 19930.00000 KG /M “m )
213 300 M

( 23) *QUAD* QUAD 0.15500 M 19930.00000 KG /M ( 7562144 M )
213.955 M

( 24) *DRIFT* D6 53.14000 M

( 25) *QUAD* Q5 0.10000 M  60000.00000 KG /M ( 38.93770M )
267195 M

( 26) *DRIFT* D5 53.14000 M
320.335 M 3

( 27) "QUAD* Q4 0.10000 M -60000.00000 KG /M MatChlng
320435 M

( 28) *DRIFT* D4 200.00000 M

( 19.62701M )

526.735 M

( 30) *DRIFT* DRFT 3.00000 M
529.735 M

( 31) "QUAD* Q2 11.00000 M -2000.00000 KG /M . v )
540.735 M

( 32) *DRIFT* DRFT 3.00000 M Trlplet
543735 M

( 33) "QUAD* Q1 6.30000 M 2000.00000 KG /M ( 19.62701 M )

( 34) *DRIFT* DETECTOR  23.00000 M

4

o o) (s = s o ) = ) = 2

Beam SUBLINE SUBLINE Quad Drift Quad Drift Quad Drift SUBLINE Drift Marker

BEAMOO QUAD D6 Qs DS Q4 D4 Detector IP



Example:
LHC High Lumi Interaction Region



Exercise

By combining the acromat and triplet insertion, produce an insertion like the
LHC interaction region 1/5. Make sure betas are 0.55 and alphas and
dispersion is zero.

Assuming the normalized RMS emittance of 3.75 um and the beam energy of
7 TeV (relativistic y of 7461), what are the min and max RMS beam size?

Why do we want to make the lattice asymmetric? (Hint: 2 beams.)
Don’t forget to turn off the fitting parameter when copying elements.

0000000000

0000000000

ssss555— LSOO LSOO
| o.coocooo s36.827S [Z12731
Reference:

— https://edms.cern.ch/file/445831/5/Vol 1 Chapter 3.pdf
— https://edms.cern.ch/file/445832/5/Vol 1 Chapter 4.pdf




