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Optics calculation of proton beam line for an AC dipole section is performed with TRANSPORT.
In this report, the result is shown.

I. GEOMETRY AND CONSTRAINS

A geometry of an AC dipole section is shown in fig. 1. In this figure, Qn and Bn are quadrupole magnets and dipole
magnets (AC dipoles). Proton beam of point source is made parallel at the AC dipole with a doublet Q and focused
at a collimator with another doublet Q. This beam line section is symmetric with respect to the collimator. At the
AC dipole, the beam profile should be less than 10 mm×50 mm as shown in fig. 1, because of a limitation of stored
energy of the magnet.
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FIG. 1: AC dipole section

In this calculation, field gradient of the quadrupole magnets are varied while positions of the optics elements are
fixed. The field gradient and length of Q1 and Q2 are same as those of Q3 and Q4, respectively. The magnetic field
of the AC dipole is set to zero. Proton beam is used with momentum of 8 GeV/c.

Constrains in this calculation are,

R22 = 0.0 at B1, (1)
R44 = 0.0 at B1, (2)
R12 = 0.0 at collimator, (3)
R34 = 0.0 at collimator. (4)

Here, Rij are components of transfer matrix. These constrains mean that the point source beam is made parallel at
the AC dipole (B1) and focused at the collimator. The calculation has been stopped at 1st order.
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II. CALCULATION RESULTS

Calculated beam profile is shown in fig. 2. Upper plot shows the profile in x direction and lower one shows the
profile in y direction. In each plot, three lines are plotted; solid, dash, and dotted-dash lines indicate profiles of a
particle injected at initial phases(x, x′, y, y′) of (0 mm, 5 mrad, 0 mm, 10 mrad), (1 mm, 5 mrad, 1 mm, 10 mrad),
and (5 mm, 1 mrad, 10 mm, 1 mrad), respectively. It can be seen that the beam successfully become parallel at B1

and focused at collimator. The beam size at AC dipole is larger than the aperture, because constrain of the aperture
are not included.

In this calculation, field gradient of Q magnets are optimized. And the obtained values are,

K1 = −0.86642 mm−2 (Q1, Q4), (5)

K1 = 0.67171 mm−2 (Q2, Q3). (6)

Here,

K1 =
g

Bρ
, (7)

g =
∂B

∂x
. (8)

0

10

20

30

40

50

60

0 2 4 6 8 10 12 14 16

L (m)

x 
(m

m
)

0

10

20

30

40

50

60

0 2 4 6 8 10 12 14 16

L (m)

y 
(m

m
)

Q1 Q2 Q3 Q4B1

x0=5, x’0=1, y0=10, y’0=1

x0=0, x’0=5, y0=0, y’0=10
x0=1, x’0=5, y0=1, y’0=10

Unit : mm, mrad

Q1 Q2 Q3 Q4B1

FIG. 2: Beam profile calculated by TRANSPORT.

III. SUMMARY

Calculation of transport matrix of the AC dipole section with TRANSPORT has been performed. With the
TRANSPORT, quadrupole component of Q magnet is optimized under the constrains and intended beam optics has
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been obtained. The next step would be to optimize not only quadrupole components but the other parameters by
inputing more constrains and considering realistic conditions.
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