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Exercise 1

In this exercise...

» Design a machine for protons at a momentum of 20 GeV/c with the following basic parameters:
% Circumference = 1000 m
¢ Quadrupole length Lq = 3.0 m
¢ Ring consists of 8 FODO cells
+¢ Dipole length is 5 m and maximum field strength is 3 T
» Use your lecture note for lattice design:
¢ Define a FODO lattice according to the boundary conditions (position of dipole and quadrupoles).
¢ Find the optics (strength of dipoles and quadrupoles) so that Bmax=300 m.

** Implement it in MADX format using thin lenses for all elements and verify your calculations.

» How many dipole magnets should you use per cell? (Hint, think about the bending angle of
a single dipole first.)

» Calculate the phase advance per cell.

» Calculate the quadrupole strengths and the focal lengths.
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Exercise 1

Step 1
Given:
1000 m
=3.0m
5m
3T
4

» How many dipole magnet should you use per cell?
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Exercise 1

Step 1

1 B(T)
o = ;(m H) = OBp(GeV/c)L(m)
_ 2 3(T)5(m)
o= O'SQO(GeV/c) = 0.225(rad)
2T
= 0oor = 28 — 3.5 = 4/Cell
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Exercise 1

Step 2-

_ 0.15L ¢,
> 0.35L e

> 0.65Lcep;
> 0.85LC€”
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta
function of 300 m.

Given:
1000 m o
-30m Condition: A
Omaz = 0 =~ 300m
5m
3T
4

» How many dipole magnet should you use per cell??

% 32 dipole magnets / 4 per cell.

» Calculate the phase advance per cell.
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta
function of 300 m.

Cell length Lowy = 10%Om — 125

Max beta function B _ (1 4+ sinp/2)Loen 200m
for FODO cell SN
. . L
Find the phase b — ,_|_ T @ = 4.8
advance Leeu/2  sinkcost 625 But how?
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta

function of 300 m.

A

I5; 1 4 sink

_ 2
Calculate the phase advance. = 0
Ly singcoss
30 f(x) = (1+sinx) / (sinx cosx)
—f(w)
o5l ||~ — Target u =0.56098 2.2298 rad (32.14192  127.7579°)

0 0.5 1 1.5
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Phase advance
for one cell

uw=32.1°
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta
function of 300 m.

Given:
1000 m o
-30m Condition: A
Omaz = 0 =~ 300m
5m
3T
4

» How many dipole magnet should you use per cell??

% 32 dipole magnets / 4 per cell.

» Calculate the phase advance per cell.

¢ Cell length 125m and the phase advance is 32.140.

» Calculate the quadrupole strengths and the focal lengths.
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta
function of 300 m.

sinﬁ — Len fo = —1
2 4fo @ kolg
Lcen 125m
1@ = Lein = Tx sin(16.07)
1 1 _ 3.9
Re =700 = Tizomegm — 200
Lcen E
— > 0.15L e
> 0-35LC’ell
> 0-65LCell
» 0.85Lce
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Exercise 1

Step 3- Find the optics (dipole and quadrupole strengths) providing a maximum beta
function of 300 m.

Given:
1000 m -
-30m Condition:
Omaz = 0 = 300m
5m
3T
4

» How many dipole magnet should you use per cell??

% 32 dipole magnets / 4 per cell.

» Calculate the phase advance per cell.

¢ Cell length 125m and the phase advance is 32.140.

» Calculate the quadrupole strengths and the focal lengths.

¢ Quadrupole focal length is 112.9m and quad strength is 2.9x10-3 m-2.
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Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify
your calculations.

X Prepare the sequence file (exl.seq).
X Prepare MADX commands file (exl.madx).

%* Run your file from the command line: madx < exl.madx
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Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify
your calculations.

circum=1000.0;

ncell 8; // Number of cells
lcell = circum/ncell;

1lqg = 3.00; // Quadrupole length

// Define the elements.

// Define the bending magnets as multipoles.
// There will be 4 bending magnets per cell.
mb: multipole, knl={2.0xpi/(4%ncell)};

// Define the quadrupoles as multipoles.
qf: multipole, knl={0,2.9e-3x1q};

qd: multipole,kn1={@,-2.9e-3*1q}; o Prepare the sequence file (exl.seq).

// Define the sequence.
ci_celll: sequence, refer=centre, 1=circum;
start_machine: marker, at = 0;
|
n=1;
while (n < ncell+l) {
qf: gf, at=(n-1)xLlcell;
mb: mb, at=(n-1)xlcell+0.15%lcell;
mb: mb, at=(n-1)x1cell+0.35%1cell;
qd: qd, at=(n-1)xlcell+0.50x1lcell;
mb: mb, at=(n-1)xlcell+0.65%lcell;
mb: mb, at=(n-1)xlcell+0.85%1lcell;
|
n=n+1;
}
end_machine: marker, at=circum;
endsequence;
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Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify
your calculations.

X Prepare MADX commands file (exl.madx).

TITLE, 'Example 1';
call file="exl.seq";
option,-echo;

Beam, particle = proton, sequence= ci_celll, energy = 20.0;
use, sequence= ci_celll;

Iselect, flag=twiss, pattern=""q.x", column=name, s, X, y,mux, betx,
! muy,bety,dx dy;

select, flag=twiss, column=name, s, betx, bety;

twiss, save,centre, file=twiss.out;
plot, haxis=s, vaxis=betx, bety, colour=100;

Survey, file=survey.out;

stop;
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Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify

your calculations.

++++++ table: summ

length
1000

ql
0.7011498128

dxrms
333.2951861

dg2
-0.7202158003

ycomax
)

synch_2
0
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orbith
-0

dql
-0.7202158003

Xcomax
0

betymax
303.8295337

ycorms
0

synch_3
0

alfa
2.063189563

betxmax
303.8295337

Xcorms
0

dymax
0

deltap
0

synch_4
0

gammatr
0.696194253

dxmax
377.6019552

g2
0.7011498128

dyrms
0

synch_1
0

synch_5
)
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Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify
your calculations.

I |l L
T T
300 Examplel  MAD-X5.01.06 24/03/17 1520.32
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| y

00  200.  400.  600.  800.  1000. .
s (m) madx-P

|

300.

|

280.

260.

|

|

240.

220.

|

|

200.

180.

160.

CI Courses / MADX Introduction Dr O. Mete and Dr R. Apsimon



Exercise 1

Step 4- Implement it in MADX format using thin lenses for all elements and verify

your calculations.
survey.out

Survey Plot
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Exercise 1

Step 5- Lets change beta function from 300m to 100m. Hint: use 20 cells.

f(x) = (1+sinx) / (sinx cosx)

B3 = 300m — (B = 100m

f(/2)
| = — — Hedef «/2 = 0.28049 rad (16.071°)

1000m
Lcen = 0 50m
3 ~ l+sing 1()0m_4
Lo N sins cost - 25m
0 0.2 0.4 0.6 o(i/i; 1 1.2 1.4 1.6
Lcen 50m 1 1 B
— — — 34 ko = —— = =9.8%107°
L 4sint  4sin(21.5°) i °7 folo  34m3m *
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Exercise 1

Let's change beta function from 300m to 100m. Hint: use 20 cells.

++++++ table: summ

length orbith alfa gammatr

1000 -0 0.1789932276 2.363642011

ql dgl betxmax dxmax
2.395724244 -2.518384148 100.0267292 34.45748961
dxrms xcomax xcorms q2
29.03430831 0 0 2.395724244
dg2 betymax dymax dyrms
-2.518384148 100.0267292 0 0
ycomax ycorms deltap synch_1

0 0 0 0

synch_2 synch_3 synch_4 synch_5

0 0 0 0
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