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Abstract

The Advanced Fusion Neutron Source (A-FNS) project
is in progressing in Japan, QST Rokkasho institute. A-FNS
will demonstrate a performance of the DEMO DT fusion
reactor material. In order to perform the test, a high inten-
sity deuteron beam accelerator will be used to produce a
high flux neutron field which is similar to the 14 MeV DT
neutron. The Superconducting Radio-Frequency linear ac-
celerator (SRF) is one component of the A-FNS accelerator
system. Although the A-FNS accelerator system design is
based on the IFMIF design, the improvement of some sub-
system has been considering by taking into account the les-
sons learnt from the LIPAc project. In order to keep a high
stability and availability of the SRF performance, we plan
to increase the number of SRF cavities and cryomodules
considering the trouble or degradation of the cavity perfor-
mance and modify the engineering design of some compo-
nents. In addition, changing of the beam transport line de-
sign and Li vapor contamination study of SRF cavity are
conducting. In this presentation, the progress of the SRF
design and related activities for A-FNS in QST will be pre-
sented.

INTRODUCTION

The A-FNS project is in progressing at QST Rokkasho
institute to conduct the fusion neutron irradiation tests of
the materials for a fusion reactor by the accelerator driven
neutron source system. The A-FNS accelerator will pro-
duce a Continuous Wave (CW) deuteron beam of 125
mA/40 MeV and inject to the Li target to generate neutrons
with energy around 14 MeV which is similar to energy of
the neutron generated by a DT fusion reactor [1].

As shown in Fig. 1, the A-FNS accelerator system con-
sists of an injector system with ECR ion source and LEBT
(Low Energy Beam Transport), Radio-Frequency Quadru-
pole accelerator (RFQ), Medium Energy Beam Transport
(MEBT), multiple Superconducting Radio-Frequency lin-
ear accelerator (SRF linac) cryomodules (CM), High En-
ergy Beam Transport (HEBT) and Beam Dump (BD). Ta-
ble 1 shows the main specification of the A-FNS accelera-
tor. The design is based on the International Fusion Mate-
rials Irradiation Facility (IFMIF) accelerator design [2]. In
order to solve the concerns of the design and improve it,
some components are to be improved by reflecting the out-
comes of Linear IFMIF Prototype accelerator (LIPAc)
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commissioning and design of the [IFMIF/EVEDA (Engi-
neering Validation and Engineering Design Activities) pro-
ject [2].

There is the inadequate energy margin design of the SRF
linac as the concern. In order to keep a stable operation for
40 MeV, we redesigned the SRF linac lattice design. In ad-
dition, we reviewed some SRF components with consider-
ing the mechanical issues in LIPAc SRF activity and de-
sign.
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Figure 1: The schematic of the initial design of the A-FNS
accelerator.

Table 1: Main Specification of the A-FNS Accelerator

Parameter Value
Beam current 125 mA
Beam energy 40 MeV

Duty Cw

Beam profile at Li target 20cm x 5 cm

There is the beam loss of the low energy particles which
are not accelerated in the RFQ as another concern. From
the results by beam dynamics simulation, the beam loss is
too high so that thermal load is severe for the cooling sys-
tem. To prevent the quench due to the thermal load, the en-
ergy filtering system is necessary to be installed in MEBT.

There is the unique issue of the A-FNS SRF which is the
Li vapor contamination of the SRF cavity from the free sur-
face liquid Li target. In order to minimize the Li vapor con-
tamination, a concept of the dogleg HEBT has been intro-
duced and its design is ongoing. Also, there are no infor-
mation that the relation between the performance of the
SRF cavity and the Li vapor contaminations. Therefore, we
have investigated it to feedback for the design of the A-
FNS accelerator system. For this study, we considered the
Li vapor source apparatus to control the production of the
nano scale mass vapor. The testing cavity for Li contami-
nation study was prepared.

In this paper, the progress of the basic design of the A-
FNS accelerator and the Li vapor contamination study are
presented.
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BASIC DESIGN OF THE
A-FNS ACCELERATOR
Although the design of the A-FNS is based on the IFMIF

- accelerator system, some necessities of the improvements

have been found by progressing the LIPAc project and re-
viewing the IFMIF design.

Regarding the injector and RFQ, there may be no major
design change because the beam operation of the 125
mA/5 MeV at low duty cycle was succeed [3]. On the other
hand, some improvements of the accelerator system design
of the SRF, MEBT and HEBT should be considered.

Regarding the SRF linac, the main specification of the
linac is same of the IFMIF design as shown in Table 2. The
SRF linac will consist of the two types relativistic § Hale-
Wave Resonator (HWR) cavities working 175 MHz at 4.45
K for accelerating the beam and the superconducting sole-
noid coils for focusing the beam [4].

Table 2: Main Specification of the A-FNS SRF

Parameter Value
Frequency 175 MHz
Relativistic f (Low/High) ~0.1/~0.16
Temperature 445K
Accelerating field 4.5 MV/m
Maximum solenoid field 60T

IFMIF SRF linac does not have the enough margin of
the beam acceleration energy when some troubles and
degradations by field emission are occurred in cavity.

Reviewing the report of the SRF operation over the
world, there are many troubles which cannot operate the
SRF cavities and cause the degradation of the performance
[5-7]. By referring these reports, we design the redundant
SRF linac with 5 MeV to 6 MeV margin to do the stable 40
MeV beam operation in A-FNS as shown in Fig. 2. The
maximum energy gain in SRF linac is about 40 MeV with
0.5 MeV/ low f HWRs x 26 and 1 MeV/ high § HWRs x
27. In addition, we increased the number of solenoid coils
to focus the beam easier for preventing the beam loss with
refereeing the DONES SRF linac design [8, 9].
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Figure 2: Improved SRF linac design for the A-FNS.
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Figure 3 shows the result of the particle density distribu-
tion for the x and y direction by the beam dynamics simu-
lation of TraceWin [10] with 10° test particles. The mag-
netic field of the solenoids were tuned to focus within tol-
erance which is lower than 16 mm. The accelerating field
and phase were tuned to gain about 0.5 MeV and 1.0 MeV
in low and high B HWRs, respectively. As a result, this de-
sign can have the 6 MeV margin. Table 3 shows the com-
parison with between the specification of the IFMIF design
and those of the A-FNS design. Although A-FNS SRF linac
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design can have the margin, the total length is longer than
IFMIF design.

However, the degradation by handling the high intensity
deuteron beam and trouble of the solenoid failure issues are
currently concerned in LIPAc SRF operation. The final de-
sign of the A-FNS SRF will be concluded by feedbacking
the results based on the results by the LIPAc beam opera-
tion.
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Figure 3: Result of the beam simulation for the A-FNS
SRF.

Table 3: Comparison Between the IFMIF and A-FNS
SRF

IFMIF A-FNS
Low B HWR 18 26
High p HWR 24 27
Solenoid 21 33
Beam energy 40MeV 46 MeV
Total length ~25m ~38m

Regarding the MEBT, the design of the energy filtering
system for removing the low energy particle which is not
accelerated in RFQ is considered to prevent beam loss in
SRF linac. Figure 4 shows the result of comparing the
beam loss simulation between with and without of the low
energy particles. With low energy particles, the beam loss
of about 5 to 10 W in SRF linac was estimated with using
conventional MEBT. This heat load cause not only radia-
tion but also the too high heat load for the He refrigeration
system. For the filtering system, the concepts of the dogleg
or chicane type beam transport line design and the idea of
Wien filter will be introduced. Finally, the type of filtering
system will be selected with considering the beam
transport, cost, operation policy and realistic possibility.

Although the initial design with the beam dynamics sim-
ulation was done for the HEBT, the detailed system design
had not been conducted yet. The HEBT is used to guide the
deuteron beam from SRF to Li target system and remove
the Li vapor from the Li target system to prevent Li vapor
contamination of the SRF cavities. IFMIF HEBT is de-
signed bending 9° [11]. On the other
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Figure 4: Comparison between the beam loss distribution
of the with low energy particles from RFQ and that without
ones.

hand, for A-FNS, the dogleg HEBT design will be in-
troduced to reduce the back streaming of the Li vapor
by 12 orders of magnitude compared with IFMIF de-
sign.

For keeping the performance of the SRF lianc, the basic
design of the conceptual A-FNS accelerator system is sym-
metrized as shown in Fig. 5.

Injector MEBT Beam dump Li target
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Figure 5: The schematic of the conceptual improved A-
FNS accelerator.

DESIGN CHANGE OF THE
SRF COMPONENTS

In the status of the LIPAc SRF, the assembly of the cry-
omodule is progressing [12]. Considering and reviewing
the design or troubles, some design of the components will
be changed.

For the LIPAc HWR cavities, the complete High-Pres-
sure Rinsing (HPR) of the HWRs is difficult due to the in-
terference of the nozzle to the accelerating gap [13]. To
wash for all inner surface of the HWRs, the HPR port po-
sition will be changed by 45 degrees tilted position which
is not to interfere the nozzle to accelerating gap. By simu-
lation of the nozzle movement and water accessibility, it
was conformed that the HPR can be completely done [14].
Figure 6 shows the comparing the LIPAc HWR design and
improved HWRs.
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Figure 6: Changing and simulation of the HPR port. Black
surface is non washing area.

Since the LIPAc cryostat was designed by the slide load-
ing, the larger space was necessary to assemble the cry-
omodule. By referring the RIKEN cryomodule design, the
top loading cryostat by covering design is considered for
SRF Technology
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the A-FNS cryostat [15]. Figure 7 shows the LIPAc cryo-
stat design and A-FNS design.

IFMIF (Slide loading)  A-FNS (Top loading)

—

Figure 7: The schematic of cryostat design.

Regarding the superconducting solenoid coil, the major
changes are considered. In fabrication of the solenoid tank
with bellows by welding, there were many troubles of the
vacuum leakage due to difficulties of the welding and pro-
cessing. To prevent the troubles, bellows and tank will be
separated and be assembled with screws. Figure 8 shows
the schematic of the conceptual design of the separated so-
lenoid coil.

Figure 8: The schematic of the separated solenoid.

In addition, a screw and pins were dropped out in He
tank that the human’s hand and tool cannot access [12].
Concerning the unusable of the solenoid by breakage,
quench and beam loss, the beam dynamics simulation was
done to determine the optimum position and estimate the
operation performance without some solenoids [16]. In
conclusion, this cannot be major issues. However, it is un-
favorable. In order to prevent the issue, solenoid structure
was redesigned by introducing the split type of outer sole-
noid to access for fixing the inside of the solenoid. By us-
ing Superfich code, the conceptual split solenoid was de-
signed. Figure 9 shows the result of the center magnetic
field distribution for the split solenoid. Required magnetic
field of 6 T can be applied with around 3 cm gap.

A-FNS design(plan)
IFMIF design

o ; N

0 10 20 30 40

Position(cm)

Figure 9: Calculation result of the split type solenoid.

LI VAPOR CONTAMINATION STUDY

As unique issue for the IFMIF and A-FNS, the Li vapor
contamination from the Li target is considered. For design-
ing the HEBT and investigating the relation between the
SRF performance and the Li vapor, we have conducted the
Li vapor contamination study of the SRF cavities by exper-
imental study.

WEPWB083
775

@©=22 Content from this work may be used under the terms of the CC BY 4.0 licence (© 2023). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



Content from this work may be used under the terms of the (C BY 4.0 licence (© 2023). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

©

21" Int. Conf. RF Supercond.

ISBN: 978-3-95450-234-9 ISSN: 2673-5504

From the results by the simple calculation, accumulated
Li vapor at SRF exit is nano to about micro g/year. To con-
trol the small-scale vapor and set on vertical test (VT) sys-
tem without vacuum breakage, Li vapor source apparatus
with the alkali metal dispensers was designed. Figure 10
shows the picture of the Li vapor source apparatus and vac-
uum block diagram. To monitor the mass of Li vapor, the
thin gauge was installed in the Li vapor flow line. As the
test cavity to imitate the high field surface of the HWR, the
1.5 cell superconducting cavity which is used for electron
gun was selected [17]. The 1.5 cell cavity in KEK was ap-
plied in the experiment.

After the assembly and leak test of the apparatus, the op-
eration test was conducted. For the gaining the control
range of the Li vapor, we investigated the relation between
the current and evaporation rate. Figure 11 shows the result
of the trend of the film thickness vs vacuum pressure, and
Fig. 12 shows the result of the evaporation speed vs apply-
ing current for the Li dispenser. Initially, outgas was seen
by low current as orange dots. Changing higher power sup-
ply and continuing the application of the current, the evap-
oration speed measured by the film thickness monitor was
maximized 0.16 A/ min in around 7.0 A as blue dots. This
rate corresponds to the stacking 1 ng /hour and one layer
for 10 min. From the results by this operation test, it was
confirmed that controlling the nano scale-mass evaporation
could be conducted. However, we cannot surely identify
the Li atom. By a spectrum inspection and a residual gas
measurement, there seemed not spectrum of Li or Li com-
pound. The future task is to improve the apparatus for gain-
ing more vapor and identify the Li.
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Figure 10: Assembled Li vapor source apparatus.
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Figure 11: Result of the trend of the film thickness and the
vacuum pressure.
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Figure 12: Result of the evaporation speed vs current. Or-
ange dots is degassed by low power supply, blue dots is
heat up by high power supply.

Regarding the test cavity, low power RF test for optimiz-
ing the length of the pickup and input antenna and the prep-
aration in clean room were done. Figure 13 shows the pic-
ture of the 1.5 cell cavity and diagram of the low power
test. Because of difficulty coupling the input and pick up
with cavity, we used temporal antenna from choke side.

After the low power test, we conducted the HPR, assem-
bled in cleanroom and tried VT for gaining the reference
data without Li vapor as shown Fig. 14. In the current test,
we cannot input the RF power by under coupling of the
input antenna and some troubles are occurred during cool-
ing down. We will conduct low power test with reviewing
the experimental composition. After the second low power
test, we are to conduct VT again later.
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Figure 13: 1.5 cell cavity and schematic of the RF low
power test.
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Figure 14: HPR assembly in clean room and's
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CONCLUSION

In this paper, the design and study for the A-FNS SRF
related activity were introduced.

- Concept of the MEBT with energy filtering system
to remove low energy particles from RFQ was in-
troduced.

- SRF 6 CMs with 6 MeV energy margin was de-
signed.

- Concept of the dogleg design of the HEBT for pre-
venting Li vapor was introduced.

- Minor change of the SRF components that the
HPR port of the HWRs, cryostat and solenoid were
introduced.

- For the Li vapor contamination study, the Li vapor
source was assembled and tested for controlling
the nano scale vapor. We conducted low power
test, HPR, assembled and VT of the 1.5 cell testing
cavity. We will try VT again later.

In the future, we continue these activities for the realiz-
ing the A-FNS and fusion energy plant.
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