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Abstract
The AGS Booster synchrotron at Brookhaven National

Laboratory delivers resonant slow extracted beams to a fixed
target beamline called the NASA Space Radiation Labora-
tory (NSRL). Experimenters at the NSRL require uniformly
distributed radiation fields over large areas to simulate the
cosmic ray space radiation environment. The facility gener-
ates the uniform distribution using a pair of octupole magnets
in the transport line. The beamline is designed to produce an
achromatic condition through the octupoles and to the target.
However, the dispersion function depends on the trajectory
of the beam as it is transported out of the booster and into
the NSRL beamline. The dependence on this trajectory has
not been previously studied. In this paper, we describe a
new model we have developed to study this effect and show
measurements to compare to our simulations.

INTRODUCTION
Transverse beam size is determined using the projected

beam emittance and the Courant-Snyder parameters along
with the dispersion function. Dispersion and the projected
emittance values play the major role to determine the beam
size. Unknown dispersion can lead to overestimated values
for emittance [1]. Further, the measurement of the disper-
sion function in a transfer line plays a crucial role for the
development of an accurate optics model for beam track-
ing simulations. In this paper, we describe an experimental
method to measure the dispersion using a beamline instru-
ment package, the segmented wire ion chamber (SWIC)
MW063, in the NASA Space Radiation Laboratory (NSRL)
transfer line [2, 3]. Finally, we use a Bmad model [4] to
calculate the dispersion function at the SWIC MW063 loca-
tion. The ultimate goal of this measurement and calculation
is to understand the right value of dispersion function and
the beam size (emittance) at the entrance of the NSRL beam
line.

DISPERSION MEASUREMENT
We use the standard formula to calculate the horizontal

dispersion 𝐷𝑥 [5],

𝐷𝑥 =
Δ𝑥

(Δ𝑝/𝑝0)
=

𝑥 − 𝑥0
(𝑝 − 𝑝0)/𝑝0

, (1)
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Figure 1: Layout of the NSRL beam line starting at D6
septum and going downstream to the NSRL target.

where 𝑥, 𝑥0 is the measured horizontal position of the beam
on the SWIC MW063 in the NSRL beamline and 𝑝, 𝑝0 is the
momentum of the beam. In this work, we will be varying the
momentum of the beam by changing the radius of the beam
in Booster and use this technique to measure the dispersion
value at SWIC MW063 location in the NSRL beamline.

The radial changes are accomplished by using the low-
level RF system, which changes the revolution frequency
of the beam while keeping the booster main magnet field
constant [6, 7]. The momentum shift of the beam is then
given by the formula [8]

(𝑝 − 𝑝0)
𝑝0

= 𝛾2
𝑡

(𝑅 − 𝑅0)
𝑅0

, (2)

where 𝛾𝑡 is the transition gamma value in Booster, its value
is equal to 4.4 according to the MADX model [9]. 𝑅0 is
the nominal radius of the booster and it’s value is 32.11
m. Hence with a small change in radius 𝑅, there will be a
change in the momentum value 𝑝. For each case, we will
observe the horizontal beam profile position change at SWIC
MW063 location in the NSRL beamline as shown in Fig. 1.
The mean position of the horizontal beam profile in each
case is obtained by a Gaussian fit as shown in Fig. 2.

As presented in Table 1, we measured the position of the
beam for 5 different values of radius. The zero displacement
measurement is used as a reference (𝑅0,𝑝0). Dispersion was
then calculated using Eq. (1) and Eq. (2). Figure 3 shows
the dispersion values with error bars in our experiment.
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Figure 2: Gaussian fit of horizontal beam profiles obtained
at SWIC MW063 location for different beam radius.

Table 1: Dispersion Values Calculated from the Experimen-
tal Data Using a 1 GeV Proton Beam

𝚫𝑹 (m) X (m) 𝚫𝑿 (m) 𝚫 𝒑/ 𝒑0 𝑫𝒙 (m)

-0.00651 0.017348 0.014323 -0.003836 -3.73
-0.00390 0.012045 0.00902 -0.002301 -3.91
-0.00130 0.005760 0.00273 -0.000767 -3.55
0.000 0.003024 0.000 0.00 -
-0.00390 -0.005935 -0.008959 0.002301 -3.86

Dispersion Calculation from Beamline Models
Two different beamline models, based on Bmad software,

are employed to calculate the dispersion along the NSRL
beamline. The first beamline model starts at D3 septum
location as shown in Fig. 4. At this location 𝐷𝑥 , 𝐷

′
𝑥 = 0,

where 𝐷𝑥 and 𝐷′
𝑥 are horizontal dispersion and derivative of

the horizontal dispersion respectively. The second beamline
model starts at D6 septum location with (𝐷𝑥 , 𝐷

′
𝑥) = 0. The

initial Courant-Snyder parameters at the D3 septum location
in the first model are taken from the periodic conditions
within the booster ring, while those at the D6 septum in the
second beamline model are taken from the previous mea-
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Figure 3: Dispersion values from the experiment with error
bars using the radial steering displacement method.

Figure 4: Layout of the portion of the booster ring showing
five extraction bump magnets (C7, D1, D4, D7, and E1),
along with two extraction septa magnets D3 and D6 [2].

Figure 5: Plotting 𝐷𝑥 values starting from D3 and D6 septa
locations, moving downstream to the SWIC MW063 loca-
tion in the NSRL beamline.

surements [3]. Figure 5 shows plot of 𝐷𝑥 values, starting
from the D3 and D6 septa locations and progressing down-
stream to the SWIC MW063 location in the NSRL beamline.
The first beamline model starting at D3 septum shows that
the dispersion value at D6 septum location is not zero but
about 2 m. This contradicts the second beamline model
which assumes 𝐷𝑥 = 0 at D6 septum location. Further,
dispersion values at SWIC MW063 are - 2.71 m and -3.35
m respectively from the first and second beamline models.
The average measured dispersion value at the same SWIC
MW063 location is -3.76 ± 0.40 m. This discrepancy sug-
gests us to update our beamline models to match with the
dispersion value obtained from the measurement.
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Figure 6: A two dimensional beam distribution at the target
location of the NSRL beamline. Fiducial markers in the
beam area indicate 10 cm and 20 cm heights and widths.
Intensity is highest at the edge of the beam, which is a con-
sequence of the octopoles.

UNIFORM BEAM
As described in the Ref. [10], the quadrupole magnets in

the NSRL transfer line provide the beam conditions for the
octupole magnets (when excited) to transform the Gaussian
distributed beam at the target into a beam with rectangular
cross-section and uniformly distributed particles over the
rectangle as shown in Fig. 6.

The beam size, 𝜎𝑥 is defined by

𝜎𝑥 =

√︄
𝛽𝑥𝜖𝑥 +

(
𝐷𝑥

Δ𝑝

𝑝0

)2
, (3)

where 𝜖𝑥 is the horizontal un-normalized beam emittance,
𝛽𝑥 is Courant-Snyder parameter, and Δ𝑝/𝑝0 is the momen-
tum spread of the beam. This shows that the beam size at
the target location in the NSRL beamline is affected by the
dispersion along the beamline. To get the uniform beam at
the NSRL target, one constraint is a highly correlated beams
in x and y direction before the first octupole (Oct1) and the
second octupole (Oct2) respectively. A second constraint
requires that the beam should be achromatic (𝐷𝑥 , 𝐷

′
𝑥 = 0)

after 20 degree bend as shown in Fig. 1. To meet such a
stipulation, we need a precise measurement of the disper-
sion values along the NSRL beamline to make sure that
the achromatic condition is valid after the 20 degree bend.
Our beamline optics model should be updated accordingly
to match the constraint in the beamline to get the uniform
rectangular beam as shown in Fig. 6.

FUTURE WORK
In the future, we plan to improve our beamline models

and thoroughly analyze the influence of beam trajectory on
dispersion and uniform beam distribution at the NSRL target
in details.

CONCLUSION
The discrepancy in the dispersion values at SWIC MW063

location from the measurement and the models suggest us
to repeat the measurement. There might be some discrep-
ancy coming from the radial steering measurement in the
Booster. In our Bmad models, we are treating both D3 and
D6 septa as a rectangular bend magnets. In this case, the
entrance and the exit angles of those septa magnets greatly
affect the trajectory of particles passing through it and hence
the dispersion values downstream to the NSRL beamline. A
careful study will be carried out to understand beam trajec-
tory influence on dispersion and creating a uniform beam
distribution at the NSRL target in the future.
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