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1. Introduction
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(ELENA™)
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* ARGITU Accelerator is a multi-purpose machine
that can provide up to 31.5 MeV proton beam

* The proposed neutron source will have up to 4
instrument per target station. It could be possible
to consider a dedicated moderator per instrument
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Map of ELENA partners

* Association to promote cooperation within Europe in the field of neutron sources based on an accelerator and a low energy reaction to produce neutrons
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2. ARGITU project

Concerning the project status, the most advanced part is the accelerator. Its first part is already ongoing (ion
source and LEBT ongoing, RFQ in manufacturing phase, RF systems on commissioning). The target station is still
in the design phase.

Target station: Design phase

Instruments
(Diffractometer, SANS, spectrometer)
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2. ARGITU project: Accelerator (J. L. Munoz)

RF Couplers

Transfer
. .

New coupler Tuning algorithm
RF PID Machining
SSPA RF Coupler

ION LEBT RFQ DTL1

SOURCE 2 *4 segments *12 MeV

oH+ Solenoids *3 MeV . LU . »
*45 keV

Accelerator layout




2. ARGITU project: Accelerator (J. L. Munoz)
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Segment 2 RF validation tests in EGILE-DMP
Nov-2022 Mendaro-Spain

ESS-BILBAO

Progress continue in the accelerator

In the injector, Coupler and SSPA developments to
be highlighted

RFQ segments 2 and 3 finished

Tuning algorithm and couplers ready. Low power RF
testing done

Couplers 1.0 built and tested
Machining and assembly planned for 2023,

beadpull and tuning during 2024 along with new
coupler with high power test




ARGITU project: RF systems

2.

ESS-BILBAO

In August 2023, the ESS Bilbao team successfully
tested with Communication & Power Industries
(CP1) the Klystron the long pulse operating
parameters of the European Spallation Source ERIC
accelerator

The second unit is already on test process. Delivery
to ESS Bilbao is scheduled for Q4-2023

The equipment test and set-up is scheduled to RFQ
tunning activities




ARGITU-I Target design ESS-BILBAO

2. ARGITU project: ARGITU-0

The project up the completion of RFQ + RF
systems to get 3 MeV is financed

ESS-Bilbao have identified internal resources to
complete a Target Station for neutron production
at 3 MeV.

Discussion are on going to evaluate with local
community the science opportunities associated
to this source. However additional work is
needed to get political and financial support to

the project.
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* Beryllium/Lithium Target at 3 MeV O B g T Hon

* Neutron imaging instrument
e Activation analysis
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3. Target design: Previous work

The proposed target is made of a combination of Beryllium and Vanadium. Beryllium maximizes the neutron yield
(~2-10'* n/s) for 31.5 MeV protons and Vanadium is used to fully stop protons and avoid blistering. Finally, a cooling
system is needed to evacuate all the produced heat (45 kW average power)

Target Assembly Vessel |

Yy . Parameter Values
Proton Beam Specimen HY
Beam pulse (ms) 1.5
452 Rep. rate (Hz) 30
, Beam current (mA) 32
Beryllium reflector Proton energy (MeV) 31.5

Berilium 4 mm Duty (%) 4.5
| VanadiumH% 1 mm Source term (H*/s) 8.96E15
Cooling system 10-20 mm Peak power (KW) 1007.2
Source term (HT/MW) | 1.98E17

Protons implantation

ARGITU target scheme Beam parameters

Moderator plug| Accelerator pipe |
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3. Target design: Previous work

The tilting angle helps to increase the cooling area. Previous analysis show that the heat path must be 1D to

the cooling channel, avoiding high thermal stress on the beryllium plate. The next question is how to connect
the Be-V target to the cooling system

Proton beam

Temperature (2C)
175

17
. . 167
Heat deposition region Be-V 163
150
156
152
148
144
140

Radial gradient
(Temp peak)

~ ! . |/

*\‘ { * * ‘ ‘ J} temperature

Heat path / [

Water channel (202C) Cooling plate

Be plate temperature contour (452 tilted beam)
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3. Target design: Target-Cooling system coupling

Several options are available to connect the cooling system with the proposed target:

Copper-V Brazing Cooling cavity Copper-V contact
Proton beam Proton beam Proton beam
Be Be
«—V “—
© @ o =
Cooling channels
 Cooling system and target coupled °* Cooling system and target * Cooling system and target decoupled
coupled (metallic joint required)
* High stress caused by differential * Allowable differential expansion
expansion * Allowable differential expansion between V-Be
between V-Be
* No temperature jump across the * Temperature jump as a function of
brazing (perfect contact) * No temperature jump across the the contact pressure
V-water interface
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3. Target design: Target-Cooling system coupling
To guarantee the contact, the idea is to take advantage of the cooling channel pressure. To make this concept

work, the Be-V must be as stiff as possible compared to the cooling channel wall. Be is 3 times stiffer than
copper

Proton beam
Clamping force

¢

/ Be (E =300 GPa)

@ V(E=125GPa)

Cooling channel pressure (3 bar)

~ 140 mm x 100 mm ellipse

Cu(E=110GPa)

Scheme of the contact between the target and the cooling channel
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3. Target design: Target-Cooling system coupling

The results for the concept proposed are shown below:

Von Misses Stress (MPa) Contact pressure (MPa)
140
0.4

125 0,35
110

— 0.3
:3 Oym 135 MPa 0o

65 0.2
0.15
01
0.05
0

a0
35
20

Contact loss

Von misses stress, 7 symmetry , primary loads V-Cooling system contact pressure, secondary loads
(452 tilted beam) (45¢ tilted beam)
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3. Target design: Target-Cooling system coupling

Beryllium thickness increases with beam penetration. That is why it is interesting to intercept the beam
orthogonally instead of having 452 between target and beam even, though the Bragg peak deposition increases.
The channel pressure can be increased to 5 bar

Proton beam i
Proton beam

a = 459!
|
|
|
Beryllium thickness: 6 mm « Beryllium thickness: 4 mm
Channel pressure: 5 bar Channel pressure: 3 bar
Circular shape: R =100 mm Elliptical shape: 140 x 100 mm

rr .
Maximum volumetric heat deposition: + 40% q pp X SN

Be-V plate stiffness: + 340% D x t3

12
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3. Target design: Target-Cooling system coupling

The results obtained with the orthogonal interception of the beam:

Von Misses Stress (MPa) Contact pressure (MPa)

85 0.6
75 — 0,55
oyy = 85 MPa
5] VM 0.5
55 0,45
45 04
35 0,35
25 0.3
15 0.25
] 0.z
2,1

Von misses stress, % symmetry , primary loads V-Cooling system contact pressure, secondary loads
(902 beam) (902 beam)
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3. Target design: Target-Cooling system coupling

Employing the contact pressure on the interface, the following temperature maps are obtained (r = 15 000 W /m?K):

Temperature (2C)

2000 150 100 50
225 17 125 75 20

Be plate

AT =~ 60°C \

Target system temperature contour, top view Target system temperature contour, axisymmetric cut view
(902 beam) (902 beam)
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3. Target design: Design proposal

Copper cooling plate

N\

Inlet flow Outlet flow

(~4 kg/s)

Beryllium plate

Clamping ring

Target — cooling channel volume : 370 x 320 x 40 mm

15



ESS-BILBAO
3. Target design: Design proposal

Copper / \

cooling plate Thermal interface
material

Vanadium plate  Beryllium plate Clamping ring

16
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3. Target design: Interface materials options

The thermal interface material (TIM) is
useful to increase contact uniformity
and reduce the contact resistance. In
this case, this aspect is critical as there
is vacuum and the heat flux is high
(~1 MW /m?)

Pyrolytic graphite foil

‘ Proton beam / Be

Thermal interface material

Several options can be implemented:

Copper or Aluminum foil : Good transversal conductivity, flexible.
Adaptation to surface roughness and imperfections?

Pyrolytic graphite (99.9% C): Good compressibility, soft and flexible and
not bad transversal conductivity. Reliability on irradiation/vacuum?

Indium: Good transversal conductivity, soft. Contact stability with phase
change? Expensive?

17



ESS-BILBAO

4. CONCLUSIONS




ESS-BILBAO
4. Conclusions

* ARGITU accelerator is on manufacturing. RFQ manufacturing will be completed on 2023. Assembly and
tunning will be done along 2024. Maybe 3 MeV along 2024 (ARGITU-0)?

* The Be-V target design has been updated: The contact between the cooling plate and target is

guaranteed by the cooling water pressure and a clamping system. The beam is now intercepted
orthogonally

* |tis necessary to identify a suitable thermal interface material and have a better characterization of the
contact. Experimental test?

* Discussions with local user community are on going to identify the instrument suite.

18
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