
Collimator



Motivation
• ISIS-II : 0.1% (1W/m) beam loss of 1.25MW with 1.2GeV. 

• 0.42kW when 0.1% of beam loss at injection 400MeV. 

• Residual beam loss <<0.1% at JPARC due to foil scatterings.


• Except for sudden loss due to machine fails, loss of halo particles is an 
issue on high power machines.


• Halo formation (emittance growth):

• Space charge

• Residual gas interaction

• Fail scattering

Table 6.2: Emittance growth due to single event of scattering at the carbon foil. The foil thickness in this
simulation is 10⇥ 10

�6cm and 2⇥ 10
�4cm of carbon (2.0 g/cm

3
) in 3 MeV and 400 MeV respectively.

FETS-FFA ISIS-II
Energy (Inj) [MeV] 3 400
�x,y at foil [m] 1.6 4
✓x,y [µrad] 410 20
�✏x,y [⇡mm.mrad] 0.13 8e-4

Assuming the foil hits per proton N times over the injection period, the simple estimation of the
emittance growth due to foil scattering is

�✏ =
✓
2
�x,y

2
⇥ N. (6.3)

Based on this assumption, in the case of FETS-FFA, the required horizontal kick angle to reach 250⇡

mm.mrad (collimator acceptance) from 125⇡ mm.mrad (beam core) is about 7 mrad (�x,y=1.6 m) for
3 times (averaged hitting probability of the injection particles at the foil) during injection period. The
scattering probability in this case is lower than 1⇥ 10

�7
(Fig. 6.1). Assuming the hitting probability is 4

over a few hundreds of turns in the case of ISIS-II, the protons need to be kicked by more than 2.7 mrad
in horizontal (assuming �=4 m) for 4 times to reach 300⇡ mm.mrad (collimator acceptance) from 150⇡

mm.mrad in the injection period. Due to a small scattering probability of 4mrad in the case of 400 MeV

injection energy in ISIS-II, the halo particles generated by the foil scattering will be hardly lost at the
machine components during injection period.

Assuming 3 ⇥ 10
11ppp is injected in the ring over 50turns in the FETS-FFA, and the beam in-

tercepts the foil for 3 times over the injection period, 9 ⇥ 10
11 protons hit the foil in total. In case the

protons were given by 7mrad kicks for 3 times (probability of less than 1 ⇥ 10
�7) and lost at the ma-

chine components in the ring, the loss power will be negligibly small with repetition rate of 50 Hz for
3 MeV injection energy. As injection beam energy is very low, the impact of loss of halo particles in
the residual-dose will not be critical. On the other hand, in the case of ISIS-II, even if the scattering
probability of large angles reaching the collimator aperture is very small, a loss of single particle at the
machine components will be possibly cause a huge impact on creating long-lived radioactive nuclei at
the machine components, being harmful for the people to work around the ring.

2 Design Study of FETS-FFA Collimator
There are two types of halo formations: slow development and fast development. The emittance growth
due to residual gas interactions is a slow development of halos. The space charge effect and foil scatter-
ings will be a fast development of halos. For the design concept of ISIS-II collimator, we will focus on the
design to capture the fast formation of halos by a single collimator during multi-turn injection scheme. In
this case, the collimator will focus on fast developed halos due to foil scattering that could cause radiation
damage at the downstream of the ring components. To design and demonstrate the concept of ISIS-II
collimator, a single-stage collimator system is designed and will be demonstrated in the FETS-FFA test
ring.

Whilst the beam does not receive a foil scattering after the injection period, there might be some
halo particles that have not been captured by the collimator and still circulating in the ring. These
particles possibly reach collimator acceptance after the injection period. In addition to these particles,
there could be other sources to blow up emittance during beam acceleration periods and beam extraction.
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due to the residual gas interactions is then computed by the increase of geometrical (r.m.s) emittance due
to the multiple scattering formula given by

�✏�x,y =
1

2
✓
2
r.m.s�x,y (6.2)

Table 6.1: Emittance growth par turn due to residual gas scattering at 1 ⇥ 10
�6Pa.

FETS-FFA ISIS-II
Energy (Inj, Ext) [MeV] (3, 12) (400, 1200)
�x,y (Inj, Ext) [m] (1.1, 1.2) (4.0, 4.0)
�✏x (Inj, Ext) [⇡µm.µrad] (27, 1.7) (6e-2, 9.3e-3)
�✏y (Inj, Ext) [⇡µm.µrad] (29, 1.8) (6e-2, 9.3e-3)
✓x (Inj, Ext) [µrad] (6.9, 1.7) (0.17, 6.8e-2)
✓y (Inj, Ext) [µrad] (6.9, 1.7) (0.17, 6.8e-2)

The contribution of residual gas interactions in to the emittance growth will be small for ISIS-II
and FETS-FFA.

1.3 Foil Scattering
Foil scatterings will give a large impact on the formation of beam halo during H- injection scheme in the
ISIS-II ring and in the FETS-FFA test ring. Figure 6.1 plots the scattering angle of primary protons when
hitting the carbon (2.0 g/cm

3) foil of 10 ⇥ 10
�6cm thick for the FETS-FFA and 2 ⇥ 10

�4cm thick for
the ISIS-II. The angles are computed by PHITS Monte-Carlo simulation code (version. 3.32) [24] with
3 MeV and 400 MeV protons at carbon.
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Figure 6.1: The scattering angle of primary protons of 3 MeV and 400 MeV computed by PHITS. The
pencil proton beam hits perpendicular to the foil. The angle of primary proton was detected at the back
side of the foil. In this model, the nuclear data library (JENDL-4) was used for proton reactions at carbon.
Angle straggling is based on the coulomb diffusion by the Lynch’s formula based on the Moliere theory.
As for energy stragglings, Landau Vavilov energy straggling was used.

The RMS scattering angle of 3 MeV is about 0.4mrad that is 200 times larger than the one caused
by residual gas scatterings. For the case in 400 MeV, RMS scattering angle is about 20 µrad. According
to Eq. 6.2, the emittance growth due to foil scattering is estimated in Table 6.2.
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Table1. Emittance growth par turn due to residual gas scattering at 
1e-7 mmbar.

Table2. Emittance growth due to single event of scattering at the 
carbon foil. The foil thickness is 10 × 10−6cm and 2 × 10−4cm of 
carbon (2.0 g/cm3) in 3 MeV and 400 MeV respectively. 

• In ISIS-II, even emittance growth is very 
small, a loss of single particle may cause 
huge impacts on the machine 
components.

What is the most efficient collimator system can be 
proposed for ISIS-II FFA ring?



Motivation
• Multi-stage collimator system

• Primary collimator: kick halo particles to 

give larger angles.

• Secondary absorbers: capture particles 

scattered at primary collimator.

• Secondary particles are generated at 

absorbers, propagating and causing high 
residual dose-rate downstream of the 
ring.


• Single-stage collimator system

• 100% of beam loss due to halo particles 

are captured by primary collimator only.

• Existing hFFA rings do not have 

collimators.

To evaluate and demonstrate single-stage collimation system in high power hFFA ring, the 
feasibility study has been performed in test ring: FETS-FFA.

Multi-stage

Primary

Absorbers

core 
beam

halo

halo

Absorbers

core 
beam

halo

halo

Primary

Single-stage



Design Concept of single-
stage collimator in FETS-FFA

• I-shape single-stage 
collimator system in horizontal 
and vertical.


• Horizontal: localise beam 
loss at injection and 
extraction only.


• Vertical: can be placed to 
capture beam halo through 
beam acceleration 
continuously.

vacuum chamber

collimator (v)

collimator (h)

beam

To evaluate efficiency and understand how the single-stage collimation system works, single 
particle tracking simulations were performed, focusing on injection periods.



How fast particles reach 250π
•Use a 1 turn transfer map of FD spiral 
FETS-FFA lattice.


•Kick angle


•Residual gas :6.9 urad kick every turn. 


•Foil scattering: angle kicks randomly 
given by angle distribution computed 
by PHITS.


•KV distribution: 1x104 macro particles, 
125 πmm.mrad at injection.


•Particles reaching 250 πmm.mrad 
(collimator acceptance) in total for 50 
turns for different Hitting Probability (HP). 


•HP=3: 0.008% of initial particles 
reached 250π mm.mrad.


•HP=15: 4.1% of injected particles 
reached 250π mm.mrad within 15turns

HP:3 HP:15
at 3 turns at 15 turns

5

Figure 6.2: Action in x and y directions of initial particles (top left), ones at 3turns after (top right) and
one at 15turns after (bottom).

Figure 6.3: Turn numbers the particle reached 20⇡ mm.mrad over 50 turns when the beams hit the foil
for first 3 and 15 turns, corresponding to the hitting probability of 3 and 15 respectively.

2.3 Capture Efficiency
In order to find the optimum location of single collimator in the ring, tracking simulations were per-
formed by the 1 turn transfer map divided by individual sectors: the focusing magnet (F ), the defocusing
magnet (D) and different length of straight sections (S) as shown in Fig. 6.4.

In this model, the emittance of initial particles was 125⇡mm.mrad. The particles gained kick
angles by foil scatterings for the first 15 turns over injection period (50 turns). The residual gas inter-
actions were also given to the particles at each cell in the optics. The simulation ran over 50 turns with
horizontal and vertical collimator in the ring. A single I-shape horizontal and vertical collimators were
installed in the same cell. The horizontal collimator was installed at inner side of the ring, and the ver-
tical collimator was located at bottom of the chamber. The horizontal and vertical position of collimators
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Turn numbers the particle reached 250πmm.mrad over 50turns 
when the beams hit the foil for first 3 and 15 turns, corresponding to 
the hitting probability of 3 and 15 respectively. 

Collimators are required to localise a few 
% of beam loss due to foil scattering and 

residual gas scattering.



• 1 turn transfer map divided by each sector: Focusing magnet (F), 
Defocusing magnet (D) and Straight sections (S).


• Track initial particles starting from 125π mm.mrad over 50 turns.


• Foil scattering for first 15 turns.


• Residual gas scattering at every section for 50 turns.


• I-shape collimator in horizontal and vertical was installed at different straight 
section or nπ phase advance from the foil location.


• For different locations of collimators, particles lost at horizontal collimator in 
red, at vertical collimator in purple and at physical aperture in blue over 50 
turns.

Optimum Location of Collimators

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 0  5  10  15  20
 0

π

2π

3π

4π

5π

6π

7π

β 
[
m
]

φ 
[
r
a
d
]

s [m]

βh
βv
φh
φv

Figure 6.4: The diagram of hFFA ring optics with beta functions and phase advance from the foil
location used in the simulation. The parameters start from the foil position in the long straight section in
this plot. In the bottom of figure, the larger size of rectangular boxes indicate each focusing FFA main
magnet (F ). The smaller ones are the defocusing magnets (D). There are different length of straight
sections (S) between adjacent FD cells.

were adjusted by twiss parameter of each cell and the collimator aperture of 250⇡mm.mrad.
The loss particles at collimators as well as physical aperture were monitored for different col-

limator locations in the ring as shown in Fig. 6.5. When the collimators were not installed, 0.04% of
initial particles were lost at the physical aperture at the middle of the fourth defocusing magnet in the
first super periods (D14) and in the fourth defocusing magnet in the second super periods (D24) where
the vertical beta function was high. The collimators were then installed only in the straight sections as
well as ⇡ phase advances; ⇡, 2⇡, 3⇡, 4⇡ and 5⇡. Depending on the collimator locations, the particles
were captured by horizontal or vertical collimators before they were lost at physical aperture as shown
in Fig. 6.5.

The collimator efficiency (E) is defined by the loss particles at collimators (Nloss�col) in the total
loss particles including at the physical aperture (Nloss�total) as

E =
Nloss�col

Nloss�total

. (6.4)

The simulation predicts 100% efficiency of collimators when they were installed in any straight
sections in the first super period in the ring. In a conventional design of multi-stage collimators in
synchrotrons, the secondary collimators should be installed at the ⇡ phase advance from the primary
collimator [1, 5] to increase capture efficiency of secondary collimators. However, in the case of single
collimator system in the FETS-FFA, the emittance growth will happen for the particles in full beam
size due to foil scatterings and residual gas interactions. Therefore, the dependency of phase advance
of collimator locations from the source location of emittance growth will not be seen clearly into the
capture efficiency as in the conventional scheme of multi-stage collimation system in the synchrotrons.
Therefore, in the FETS-FFA ring, a single I-shape collimator in horizontal and vertical should be installed
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in any straight sections in the first supper period and capture the halo particles as quick as possible when
they are blew up due to the foil scatterings and residual gas interactions, so that the collimators capture
large emittance particles before they lost at the downstream of the ring.

Figure 6.5: Number of particles lost at physical aperture in blue bar, at the horizontal collimator in red
bar and vertical collimator in purple bar for different location of collimators in the ring. The horizontal
and vertical beta function is plotted by dashed line in red and in blue respectively.

In practice, the long and middle of straight sections in the FETS-FFA test ring have been occupied
by other machine components such as RF cavities, bumping magnets, extraction kickers and beam dia-
gnostics. As the capture efficiency will not be changed drastically if the collimators are installed in any
straights in the first super period, the possible location of collimator should be the short straight section:
S12 where the other large instruments will be hardly located.

To find the tolerance of collimator position to realise the capture efficiency of 100%, the tracking
simulations were performed over 50 turns by the transfer map of FETS-FFA optics when the horizontal
and vertical collimators were installed at S12. In this simulation, the emittance of 1⇥10

4 initial particles
was set to be at 125⇡mm.mrad. The foil scatterings were applied on the particles when it passed the foil
for the first 15 turns over 50 turns. The residual gas scatterings were also applied on the particles at
every cell over 50 turns. The collimator efficiency was estimated for different collimator acceptances
computed by Eq. 6.4 as shown in Fig. 6.6. In order to keep collimator efficiency of 100%, the simulation
results predicts the tolerance of collimator acceptance should be up to 5% of nominal (250⇡mm.mrad)
at S12.

Figure 6.6: The efficiency of collimators installed at the short straight section of S12 in the first super
period.
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Collimators installed in any 
straight sections in the first 
supper period will capture 
halo particles before they 

lost at the downstream of the 
ring.



• Possible location of collimators should be the short straight section: S12 where other large instruments will 
be hardly located. 


• Track particles for different initial emittance from 125π mm.mrad to 350π mm.mrad over 50 turns.


• Foil scattering for first 15 turns.


• Residual gas scattering at every section for 50 turns.


• I-shape collimator in horizontal and vertical was installed at S12.


• Collimator efficiency defined by . Ntotal: total loss particles. Nlloss-col: loss particles at collimator.E =
Nloss−col

Ntotal

Collimator Efficiency

In order to keep collimator 
efficiency of 100%, the 

simulation results predicts 
the tolerance of collimator 

acceptance should be up to 
5% of nominal 

(250πmm.mrad) at S12.  

in any straight sections in the first supper period and capture the halo particles as quick as possible when
they are blew up due to the foil scatterings and residual gas interactions, so that the collimators capture
large emittance particles before they lost at the downstream of the ring.

Figure 6.5: Number of particles lost at physical aperture in blue bar, at the horizontal collimator in red
bar and vertical collimator in purple bar for different location of collimators in the ring. The horizontal
and vertical beta function is plotted by dashed line in red and in blue respectively.

In practice, the long and middle of straight sections in the FETS-FFA test ring have been occupied
by other machine components such as RF cavities, bumping magnets, extraction kickers and beam dia-
gnostics. As the capture efficiency will not be changed drastically if the collimators are installed in any
straights in the first super period, the possible location of collimator should be the short straight section:
S12 where the other large instruments will be hardly located.

To find the tolerance of collimator position to realise the capture efficiency of 100%, the tracking
simulations were performed over 50 turns by the transfer map of FETS-FFA optics when the horizontal
and vertical collimators were installed at S12. In this simulation, the emittance of 1⇥10

4 initial particles
was set to be at 125⇡mm.mrad. The foil scatterings were applied on the particles when it passed the foil
for the first 15 turns over 50 turns. The residual gas scatterings were also applied on the particles at
every cell over 50 turns. The collimator efficiency was estimated for different collimator acceptances
computed by Eq. 6.4 as shown in Fig. 6.6. In order to keep collimator efficiency of 100%, the simulation
results predicts the tolerance of collimator acceptance should be up to 5% of nominal (250⇡mm.mrad)
at S12.

Figure 6.6: The efficiency of collimators installed at the short straight section of S12 in the first super
period.
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•Focus on horizontal collimator in the FETS-
FFA


•different materials


•46cm(H)x16cm(W) with 1cm thickness


•Radiation analysis done by PHITS. 


•3MeV and 12MeV pencil protons hit 
collimator.


•Prompt gamma rays around the collimator 
(middle figure: aluminium collimator when 
12MeV protons hit the collimator).


•Residual activity at collimators for different 
injection proton beam energies (bottom 
figure), assuming beam operation for 24 
hours and cooling time for 24 hours. 

Radiation Impact on Collimator
3 Mechanical Design
As the energy range of proton beam is from 3 MeV to 12 MeV, the production of radioactive nuclei in the
collimator will not be a huge amount comparing to the high-energy and high-intensity proton machine
such as ISIS, JPARC and other high power hadron facilities. On the other hand, the energy deposition
(dE/dx) of low energy protons in machine components will be large, causing a critical heat damage on
the collimator. Therefore, several high thermal conductive materials: copper, tungsten and aluminium
are considered for the collimator material. Table 6.4 summarised features of considered materials.

Table 6.4: Material properties of considered collimator for the FETS-FFA test ring.

Material Density Melting Point Thermal conductivity Proton Range [6] (p,n)
[g/cm3] [�C] [W/m/K] of 3/12 MeV [µm] reaction threshold

Aluminium 2.7 660 236 82/930 > 10 MeV [7]
Copper 8.96 1084 401 35/360 a few MeV [8]
Tungsten 19.3 3422 173 29/260 > 10 MeV [9]

The thickness of collimator block is chosen by 1 cm that is enough to stop protons of 12 MeV

fully at considered materials in Table 6.4. For the design of horizontal collimator, the height of block is
4 6cm that is a collimator aperture based on Table 2.9. The width of horizontal collimator is 1 6cm that
is about half of the horizontal beam size, assuming the collimator will not initiatively intercept the full
beam size. The FETS-FFA vacuum chamber is designed in this study as shown in Fig. 6.7. However,
these size of vacuum chamber as well as collimator size can be changed in future depending on the lattice
designs. As for a vertical collimator, the design consists of two parts of localised collimators, which can
be divided in more segments. The advantage of localised collimator is to change its position by stepping
motor mechanically, enabling adjust collimator location and angle if necessary for different beam energy
orbits locally.

Figure 6.7: The design of vacuum chamber of FETS-FFA and horizontal collimator in the simulation
model. The inner size of racetrack shape of vacuum chamber is 68 9cm⇥8cm with thickness of 1 2cm
made of stainless-steel.

3.1 Radiation Analysis
The analysis of residual and prompt radioactivity on the collimator were performed by PHITS with
3 MeV and 12 MeV proton beams with average beam intensity of 2.4 µA for given materials (Tab. 6.4),
assuming that the full beam of 3 ⇥ 10

11ppp was lost at the collimator for worst case scenario. In this
model, a pencil proton beam is injected at the centre of collimator. The nuclear data of JENDL-4 was
used for neutron (<20 MeV) and proton reactions (<20 MeV) at materials.

The prompt effective gamma dose rate was computed at around the collimator when the proton
beam of 12 MeV was lost at the collimator block as shown in Fig. 6.12 for different materials of collim-
ator. The effective gamma dose rates are almost consistent to all considered materials.
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material will be a suitable for the FETS-FFA collimator.

Figure 6.9: The decay of total residual activities on different collimator materials at different incident
proton energies computed by PHITS.

3.2 Heat Analysis
The ANSYS Steady-State Thermal solver [10] was used to estimate a temperature change in the collim-
ators. The simple model of collimator and its housing as well as movable probes were designed as shown
in Fig. 6.10. The horizontal collimators were situated on the both sides of horizontal aperture of vacuum
chamber. The bottom block (639 mm) was vertical collimators that was separated in two parts (red and
yellow coloured blocks) to control location of collimators locally in this model. For both horizontal and
vertical collimators, the copper substrates were attached on the collimators as a heat sink. The movable
probe on each collimator was also made of copper.

As for a simulation setting, thermal conductivity of air was set to be at 10 W/m2/K. A room
temperature was at 27°C. The average beam power of 7.2 W (3 ⇥ 10

11ppp for 3 MeV proton) and
28.8 W (3 ⇥ 10

11ppp for 12 MeV proton beam energy) were applied on the collimator surface in case
for the worst case scenario. Figures 6.11 and 6.12 plots the equiblium temperatures in the model when
aluminium was used for horizontal and vertical collimators. The maximum temperature at the aluminium
collimator is about factor of 3 smaller than its melting temperature for the maximum beam power of
12 MeV. As the decay heat on the material will depend on the material surface condition as well as its
size, the temperature at the collimators will be possibly decreased further down by the additional heat
sinks in the design. The detail studies on mechanical design should be required to make a simple cooling
system to find the system without water cooling in future.

4 Summary
The collimator system have been considered based on a single stage I-shape collimator for the FETS-FFA
test ring toward to the ISIS-II FFA ring. A single particle tracking simulations based on linear transfer
map have been predicted that the optimum location of I-shape collimators in horizontal and vertical
will be at any straights in the first supper period to capture large emittance particles due to residual gas
scatterings and the foil scatterings within the injection periods. To maintain 100% of capture efficiency
of the collimators in horizontal and vertical when they are installed at the middle of short straight in
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Figure 6.8: Prompt effective gamma dose rate at around aluminium collimator (top), copper collimator
(middle) and tungsten collimator (bottom) by the interaction of 12 MeV protons.

In the simulation model, the beam operation was assumed to be continued for 24 hours, and cool-
ing time was for 24 hours. The residual activities in the collimator are plotted at 10minutes, 30minutes,
1hours, 6hours and 24hours after the beam shut down in Fig. 6.11. A nuclear reaction (p,n) will happen
only at copper material when the beam energy is 3 MeV. Whilst the amount of total activity is small
at copper collimator, its decay time is very long as Zn65 is a dominant nuclei. When the beam energy
is 12 MeV, the radioactive nuclei are generated at all considered materials. The amount of radio active
nuclei at aluminium collimator is smallest and is decayed quicker than the others. Therefore, aluminium
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Aluminium is suitable to for the FETS-
FFA collimator that will generate less 
residual activities and decay quickly 

compared to other materials.  

Table 3. Property of considered materials of FETS-FFA collimator.

collimator12MeV



Thermal Analysis on Collimator
•Aluminium collimator in horizontal and vertical, supported by 
copper substrates under the collimator.


• Vertical collimator is separated in 2 blocks in horizontal 
aperture to control their positions for low energy and high 
energy regions.


•Heat source on the collimator made of aluminium.


• 7 W for 3MeV (at injection)


• 29 W for 12MeV (at extraction)

Figure 6.10: 3D view of simple geometry of I-shape collimators in the FETS-FFA test ring. All the
substrates underneath of collimators and their probes were made of copper to transfer a decay heat on the
collimators over the structures quicker. The vertical collimator was separated by two segments to control
collimator positioning locally in the large horizontal aperture. The horizontal collimators were localised
at around injection orbit and extraction orbit in this model.

the first supper period, the tolerance of collimator acceptance would be up to 5% of nominal collimator
acceptance (250⇡mm.mrad), corresponding to a tolerable positioning error of 0.3 mm and 0.4 mm in
horizontal and vertical physical position respectively.

The thermal and radiation analysis on the simple geometry of FETS-FFA collimator system has
been performed by ANSYS thermal steady-state simulation solvers and PHITS Monte Carlo simulation
codes. Both simulations have been predicted 1 cm aluminium block will be durable for a heat damage
and a radiation impact on the components of the collimator system. The detail mechanical designs should
be performed in future.
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Figure 6.12: Thermal equiblium temperature on the horizontal (top) and vertical (bottom) collimators
made of aluminium when the beam energy is 12 MeV. The emissibity of radiated heat energy is chosen
by 0.2 in this model.
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3MeV 12MeVTmax~240℃

Tmax~92℃

Tmax~80℃

Tmax~57℃

Aluminium with 
copper substrate 

will dissipate heats 
over the structure 

efficiently. 
Mechanical design 

study should be 
performed deeply 

in future.



Summary
• Single-stage collimator system has been proposed for FETS-FFA collimator.


• Feasibility studies of the system were performed in the FETS-FFA test ring to 
investigate collimator efficiency to capture halo particles during injection period.


• A few % of initial particles will reach the collimator acceptance due to foil 
scattering and residual gas scattering over injection period of 50 turns.


• 100% of scattered halo particles could be captured by horizontal and vertical I-
shape collimators in injection period, when they are installed in any straight 
sections in the first supper period.


• When collimators were installed in S12 (shortest straight section) in the first super 
period, tolerable positioning error were 0.3 mm and 0.4 mm in horizontal and 
vertical physical position respectively. 


• Radiation and thermal analysis suggested the 1cm of aluminium plate was suitable 
for the FETS-FFA collimators.


• Reliability and feasibility of single stage collimator system in ISIS-II FFA will be 
studied in future.


