


Table 1. Comparative proton pulse sequences for three target

stations at HBS.

Target Merit tp fp = 1/Tp

1 high resolution short high

2 compromise medium medium

3 large bandwidth long low

Table 2. Proton pulse sequences for three target stations at HBS

adjusted according to 2 % duty cycle.

Merit tp /µs fp /Hz

high resolution 52 384

compromise 208 96

large bandwidth 833 24

At the instrument, neutrons of the same energy or

wavelength λ arrive in a certain time interval ∆tn,λ which

is proportional to the primary proton pulse length tp. Thus

the absolute wavelength uncertainty ∆λ of the neutrons is

directly proportional to the proton beam pulse length.

For certain instruments one aims for a high resolution,

i.e. minimum relative wavelength uncertainty ∆λ/λ. For

this reason it is favorable to use a short proton pulse length

tp. With a fixed duty cycle, this corresponds to a short

frame length Tp, i.e. high frequency f = 1/Tp. On the

other hand, instruments that use a large bandwidth require

a large frame length Tp enabling neutrons with long wave-

lengths to arrive at the instrument prior to neutrons with

short wavelengths generated from the subsequent proton

pulse. A trade-off between high resolution and bandwidth

can be achieved by maintaining a target station that oper-

ates at intermediate proton pulse and frame length. The

compositions for the three target stations are summarized

in table 1.

At the HBS such operation will be realized by intro-

ducing three different pulse sequences to the primary pro-

ton beam prior to acceleration. The different pulses will

then be distributed to the according target stations by a de-

vice called Multiplexer.

2 Integration with HBS framework

The HBS will be operated with three different pulse se-

quences as presented in table 2. The different frequencies

are multiples of a base frequency (factor 4) such that a to-

tal pulsing scheme can be created where lower frequency

pulses will be always centered between two subsequent

higher frequency pulses as shown in figure 2. In order

to distribute the different pulses to the appropriate target

station, it is planned to use a magnetic kicker - septum

combination to pick the individual pulses and to send them

into a different beamline. Hereby, a fast kicker magnet

deflects the lower frequency components (green and blue

components in figure 2) in between two subsequent higher

frequency components (red in figure 2) oppositely. As a

result, these deflected pulse components enter a certain

region of the septum magnet which generates further de-

flection of these pulse components. At the same time, the

higher frequency proton pulses pass this Multiplexer unit

unperturbed. This method directly defines the minimum

settling time of the kicker magnetic field at the beam po-

sition to be the time between the shortest and the longest

pulses, i.e. 859 µs as shown in figure 2. In order to de-

rive geometric constraints on the Multiplexer, i.e. kicker-

septum combination, in terms of distances, deflection an-

gles and gap heights of the magnets and thus necessary

magnetic flux densities one has to analyze the beam dy-

namics of the HBS facility. This can be done by dividing

the beam transport line of the HBS facility from the accel-

erator to the targets into three separate segments as shown

in figure 3. It should be mentioned that this beam trans-

port segments distribute over a ground and a top floor in

order to irradiate the targets from the top. This is required

to operate a target cooling concept based on liquid metal

as thermal interface material.

The facility is based on a 70 MeV, 100 mA proton

LINAC with an approximate normalized rms emittance of

ǫx(y),norm,rms = 1 mm mrad, a momentum spread ∆p/p =

1% and beam Twiss parameters βx(y) = 1 m, αx(y) = 0 at

the matching point of the beam transport line. The proton

beam is transported to a top floor at roughly 10 m height

by the first segment which will feature two double-bend

achromat units as shown in figure 6 deflecting into the x-y

plane and into the x-z plane successively. The correspond-

ing beam dynamics of these units, each consisting of two

quadrupole doublets in the beginning and in the end in or-

der to control the beam Twiss parameters, a vertically fo-

cusing quadrupole to compensate the dispersion and two

45◦ sector bending magnets, are shown in figure 4. Since

we employ bending of the beam in both horizontal and

vertical degrees of freedom over the whole beam transport

line, we aim for dispersion-free fully achromatic systems

in order to avoid dispersion mixing. This works for the

first segment according to figure 4 in combination with a

point-to-point imaging of the beam size. Note that it was

in general important to keep the betatron amplitude βx(y)

smaller than 40 m in order to utilize an inner beam tube

diameter of 60 mm.

After beam transport to the top floor, segment two

takes over, which comprises the Multiplexer device.

Hence, this segment separates into three beam lines dur-

ing propagation. Thereby the angular separation, which is

governed by the septum magnet, is chosen such that the

horizontal spacing allows the positioning of quadrupole

magnets in the deflected beam lines after about 1 m drift

length in order to treat dispersive effects emerging from

the septum magnet.

Therefore, the deflection angle of the septum magnet

was chosen to be 300 mrad. Together with an effective

length of the septum of 1 m, this enables a horizontal sep-

aration of neighboring beamlines of more than 450 mm

after 1 m drift behind the septum. This allows the posi-

tioning of a quadrupole at this distance in order to realize

achromatic optics as shown in the bottom graph of figure 6.

The floor plan shows a slightly asymmetric position of

the centered quadrupole Q23 in a double-bend achromat

composition with four additional quadrupoles, the septum

magnet and a 45◦ sector bending magnet identical to the

ones used already in segment one. The corresponding
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