STEPRY

THE EFFECT OF FILTERED
OXYGEN ION IRRADIATION
ON REBCO COATED
CONDUCTORS

IRRADIATION EFFECTS ON HTS FOR FUSION (IREF25) CONFERENCE

17™ —22ND JUNE 2025, GALLIPOLI, ITALY

William lliffe!

Simon Chislett-McDonald?!
Kirk Adams?

James Tufnall?

Susannah Speller?

Chris Grovenor?

Stuart Wimbush?3

Ezzat Nasr3

" United Kingdom Atomic Energy Authority (UKAEA), Abingdon, United Kingdom.

2 Oxford University Material Department, Oxford, United Kingdom. '3 ° o L% e
3 United Kingdom Industrial Fusion Solutions Ltd (UKIFS), Abingdon, United Kingdom. . -

(* Now moved on) e I‘“


mb9168
Sticky Note
-Hello, my name is William Iliffe
-I work for the UK’s Spherical Tokamak for Energy Programme or STEP, hosted by the UKAEA 
-My role is to lead STEP’s REBCO irradiation test plan, aided in no small part by my co-authors, as well as many others at the UKAEA.


WHAT I'M GOING TO TALK ABOUT

1) Introduced the STEP programme.
« UK Public Sector route to commercial Fusion
« STEP Tokamak concept design
« Neutron Loading of the STEP Toroidal Field Coil
« STEP’s open questions about REBCO in the Fusion Environment

2) Present Filtered Oxygen lon Irradiation Experiment
 How we emulated neutrons irradiation with ions
* The experiment design
« & some Results

A

IREFZS


mb9168
Sticky Note
-My talk today will be in 2 parts.
-Firstly, I’ll introduce the STEP and its tokamak concept, talk about some of the progress made to date and how these have led to STEP’s magnet having a neutron irradiation problem.
-Then I’ll go into more details about the experiments we’re doing to address this problem, focusing on an experiment to survey which REBCO CC are most resilient to irradiation.


UK PUBLIC SECTION ROUTE TO COMMERCIAL (b
FUSION =

Design Phase

In Operation Goals:
1.To investigate novel exhaust concepts

2.To de-risk / advance the spherical
tokamak design, as a future power plant
3.To extend physics knowledge in
support of the broader fusion programme

1997: Q = 0.67,16 MW.

Commercial Fusion

2021: 59 MJ over 5 s. i
Now beginning % &8 | | okamak For

decommissioning. = iy e nergy
U (e roductions

Main Goals:
- Put electricity of the grid, targeting early 2040s
- Build Supply chain for fusion industry

- Develop UK fusion regulatory framework
- Nurture Skills development

West Burton @& |

pherical
okamak
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So, how STEP began….
the UK public sector has a long history of performing experiments with fusion.
Its longest standing device – the JET tokamak – started operating in the early 1980s, achieved close to breakeven fusion power output in the late 90s and has continued to break fusion energy output records before being shut down in late 2023.
JET was joined in the late 90s by the MAST tokamak, now upgraded and operating, which was tasked with investigating novel divertor concepts and the benefits of low aspect ratio design. 
Given this concentration of fusion knowledge, the end of JET operation and the UK succeeding from the European Union <grown>, the UKAEA took the view that it should continue the UK’s push towards commercialising fusion
This led to the STEP programme being born in 2019 with 3 key aims:
to design and build a DEMO-class spherical tokamak power plant as a successor to ITER in the UK, targeting the start of operations as 2040
build up UK supply chains in the fusion industry and 
nurture professional involvement in fusion research
Since then, the programme has gone through several design iterations, as well as securing of STEP a home, … 
…announced in 2022 as the site of the former West Burton A coal power station near the town of Gainsborough in the UK.


THE STEP TOKAMAK

Q. What is the current STEP design?

A. As described in Special Issue of Phil. Trans. Roy. Soc. A:
“Delivering Fusion Energy — The Spherical Tokamak for Energy Production (STEP)”

Major Radius 3.6m
Aspect Ratio 1.8
Elongation 3
Triangularity +0.5
Magnetic Field 39T

(plasma centre)

DT Fusion Power ~1.68 GW
Fusion Power Gain 10.2
Net electric power ~100 MWe

DT Neutron source rate ~ 6 x1020 n/s
Vertical with

Maintenance Strategy

Remountable TF Coils

STEP Special Issue Cb

IREFZS
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What the STEP tokamak should look like is still an open question, though several key decisions have already been taken …
… and documented in a Special Issue of The Royal Society’s “Philosophical Transactions” journal, linked by the QR code shown.
Like MAST, STEP will have a low aspect ratio, chosen to keep the device as compact and affordable as possible.
Key to achieving the required energy confinement is STEP’s 3.2 T toroidal field magnet which, due to lack of space, will use REBCO current carriers.
Whilst operating at full power, STEP should be able to produce ~1.7 GW of fusion power, …
with a fusion energy gain comparable to ITER, …
and should be able to push up to 100 MW to the electricity grid.
That said, STEP will be using DT, thus will produce neutrons that, enroute to producing steam to turn a turbine, will also damage all the tokamak’s components.
Therefore, to reduce down-time, STEP’s design focus has been on a device which is as-easy-to-maintain-as-possible and considerable time has been spent working out the logistics of this and how it can be safely achieved.


THE STEP TOKAMAK g %

Q. What level of irradiation do we expect?

Neutron Loading in STEP Neutron Flux
P, ~ 1680 MW n/em?/s
P 2 | ‘ - o

Inboard region of the TF coils sees ~
2x10™ n/cm?/s neutron fluxes with
8x10'° n/cm?/s (40%) with energy >0.1
MeV.

« At this rate, STEP fast neutron fluence
limit for REBCO - 3x10™® n,/cm? - is
reached in just ~430 days operating at
full power (or ~1.18 FPY).

« STEP fast neutron fluence limit for
REBCO definition: fluence up to which
pre-irradiation properties can be
maintained.

"".'.IREFZS::":'“
Hagues et al. “An Overview of STEP Nuclear Analysis” 16th Fusion Neutronics Meeting, April 2025 \J L/
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Like all tokamaks that rely on DT fusion reactions, STEP’s toroidal field magnet will be subject to neutron irradiation. 
Shown on the slide is a neutron flux map for STEP during operation with the rough position of the TF coil highlighted.
This shows that the centre rod of the TF is subject to the highest neutron flux at the tokamak’s midplane and, given STEP’s neutron fluence limit, means the centre-rod will need to be replaced every 430 days full power operation.
Needless to say, this determination left a few open questions:


THE STEP TOKAMAK

Oopen questions about TF lifetime

DT Fusion Power
DT Neutron source rate
Plasma First Wall Flux

Peak Neutron flux
to REBCO In TF

Peak Fast Neutron flux to
REBCO InTF

Useful Life of TF Centre-rod

Peak Fluence to REBCO at
end of useful life

1.68 GW
~ 6 x1020 n/s

>101° n/cm?/s

2x1011 n/cm?/s

8x101% n/cm?/s
1.18 FPY

3x1018 n/cm?

Paper: STEP’s

understanding of =
REBCO in
irradiation

environment

Is this lifetime sufficient for STEP is achieve its
goals?

Yes but...
Are we sure? How sure are we?

- Need more data on more tapes!

Data implies how tape is made effects its
resilience to irradiation...

How do we test REBCO CC destined for the
STEP magnets?

Does a flux of neutrons influence current
carrying capacity of REBCO?
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The first of which was whether this lifetime allows the STEP programme to meet its goals?
To which the answer is Yes… but….
We have, like all of STEP’s design teams, been asked how sure we are of this determination, …
so our relative sureness can be compared to the sureness to those of other design teams…
and research efforts can be planned accordingly.
In large part, our sureness in the lifetime of the TF magnet is based on a review of the literature, which sadly has been deemed not enough information for adequate levels of certainty and leaves a number of open questions, …
Hence STEP has committed to getting more data on how commercially available tapes respond to neutron irradiation, allowing us to 
… either build confidence in our current limit…
… or suggest a different limit that’s more appropriate.
That said, quality assurance is an important part of de-risking such a complex device so, we also need a way of checking the irradiation resilience of any coated conductors we buy, preferably prior to their assembly in STEP’s magnets and without requiring neutron irradiation.
And that’s not to mention that during operation, the REBCO will be sitting in fluxes of neutrons and gammas, hence we wanted to check whether either of these will cause problems.


STEP HTS IRRADIATION TEST PLAN

o %

Q. How are STEP addressing these open questions?

A. Perform Experiments!

- In-situ, flux (i.e. irradiation with any source and superconductivity measurements
performed at same time & location)

Science and
‘}/ UNIVERSITY OF MANCHESTER. & Technology Q' MATERIALS
1824 Facilities Council 'Ao RESEARCH
. FACILITY
2 The University of Manchester
Dalton Nuclear Institute ISIS Neutron and

Muon Source

- Ex-situ, fluence, proxy (i.e. uses ions as a proxy for neutrons for irradiation and
superconductivity measurements performed at different time/location)

== m— ‘Q' MATERIALS
+ H‘Dn UNIVERSITY OF
?j He' . |F=08 || @ acory | B SURREY <o Hile

- Ex-situ, fluence, neutrons (i.e. uses neutrons for irradiation and superconductivity
measurements performed at different time/location)

UNIVERSITYOF . l
BIRMINGHAM CVR

Resea r::_h
Centre Rez

&* )

Paper: STEP’s
progress
understanding of
REBCO in
irradiation
environment
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So to address these open questions, STEP have committed to doing several experiments. 
These include in-situ test – where the irradiation and measurement of properties is performed at the same time – using both neutrons and gammas.
And ex-situ tests using both neutrons and ions as a proxy, and at both room and cryogenic temperatures.
Needless to say, in these endeavours we have been very ably aided by several collaborators, to which we’re very thankful to as their help has been essential in progressing as far as we have.


The Filter Oxygen lon Irradiation

o
Mo
HELMHOLTZ ZENTRUM fa ctn ry
DRESDEN ROSSENDORF

GOALS
Survey response to irradiation of many
tvypes of REBCO coated conductor

— Must include tapes from as many suppliers as possible
— Must reach and exceed STEP relevant damage levels
— Should be comparable to literature data
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So, hopefully I’ve given you a flavour of what STEP is and how we think about REBCO in terms achieving STEP’s wider goals.
Next I’m going to talk about one of the STEP experiment that I briefly introduced at the last IREF – the filtered oxygen ion irradiation. 
The goal of this experiment was to survey how commercially available tapes responded to irradiation damage so we can better understand our options when selecting tapes to go into the more heavily loaded sections of the TF magnet.
As you probably guessed, we’ve used ions as a proxy for neutrons, though we thought carefully about what combination of ion & energy was best.


EMULATING NEUTRON IRRADIATION q;
WITH FAST IONS O

Simulating Neutron Damage in YBCO — SPECTRA-PKA

- YBCO in STEP CML5 TF Peak Neutron Flux

10-100 keV

10-5 s
p o
T
?m; 10
g

'4
5 d
107 F Oxygen — 69.0%

Copper — 16.4%
Yttrium — 6.07%
Barium — 5.11%
= == Total — 1.92mdpa/FPY

1078 Ve 7 /40 |
10°® 10 102 10°
Recoil Energy [MeV] /1 n
10% of the total damage due to 50-90keV Oxygen PKAs ~IREF25 -

M.R. Gilbert, J.-Ch. Sublet 2018 doi: 10.1016/j.jnucmat.2018.03.032 \J '_/
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To this end, we’ve done our own SPECTRA-PKA simulations which showed that elastically scattered oxygens dominate damage creation in YBCO and that a large fraction of the total damage is caused by oxygens in the energy range 10-100keV, …
… suggesting that neutron-like damage could be replicated in REBCO we can find a way to uniformly distribute oxygen ions with that range of energies throughout a REBCO sample.
given the relatively short range of these ions, compared to the thickness of a typical coated conductor, uniform damage would likely result from a uniform implantation profile, hence we decided to use an…


FAST ION ENERGY FILTER = 4

Q. What are they & what do they do?

[mi2-factory are] “developing and supplying a highly innovative
tool for manufacturing efficient power semiconductor microchip”

Ion Distribution

SiC Wafer i Ton Distribution
N or _ -

Alions — Doped SiC Wafer : @ actory
(rastering s})urce) High Power IGBT with — L. [15]
improved breakdown voltage Without Filter With Filter

wmeme [15]

Filter design as of 2019 (Steinbach et al. [4]) |
. e | t: ~16um

| t: ~1.5um
| — Linear
Slope

Y v — N | IREFZS
- 1 wo-3»: - s00x __ a}amm[4] |
Steinbach et al. doi: 10.1016/j.mee.2019.111203 : ‘ i | B /
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ion energy filter, like the one shown on the slide.
Precisely how they are made is not clear to me, some type of asymmetric etching process i think, …
but the net result is to leave periodic pyramidal ridges in a sheet of textured silicon wafer.
The effect of the filter on the beam is to turn a rastered beam of ions of a single energy into a rastered beam of ions with linearly varying energies, …
… this range of energies leads to a range of penetration depths and, subsequently to a roughly uniform concentration of beam ions with depth in the sample.
For this experiment, mi2-factory kindly provided us access to a filter, which had…


FAST ION ENERGY FILTER q)

Q. But what about the damage profile?

A. We simulated the effect of the filter on ions from a rastering source of 20MeV Oxvaen ions

16pum thick  1.5um thick A-A
................. Syn']metry_- 17.8 Mev
{
°
°
°
T~~~ 0 MeV
e o= PeriodiC 16um e e NS R — — . — . Symmetry
B _ e Symmetry
el o - Implanted ions
wroy 18 MeV I
s16.: : :' "30% Of tOtaI
%12 E: EI[
é 13- L(:):% %:
%a— 1_| SQ.I, ; i
I : | )
| | F 4o | ~IREF25~
Filter Provided by actory R R o | Y


mb9168
Sticky Note
…the dimensions shown 
And the next step was to confirm the damage and implantation profile we should expect.
Firstly, we needed to choose a starting energy for the oxygen ions and considered what range of ion energies we’d expect downstream of the filter.
For this work, 20MeV oxygen were used as this would give each ion a range that far exceeded the thickness of a typical coated conductor, and … 
…given this starting energy, the filter thicknesses and the stopping power of the oxygen in silicon…
… we determined that oxygen ions exiting the filter would leave with between 0 and 18MeV of energy.
This would naturally mean that the filter absorbed some ions, which was confirmed at 30% of the total by experiment.


FAST ION ENERGY FILTER

Simulating the damage profile cont...

(Pe1IWISUEBI] UO] | UOI1D8S SIY}
ybnoJiy} pasplwsuedy buiaq uol)d

lon Energy
P(ion hitting [MeV] -
upstream side) (SRIM) »
t: 1.5um S nmmmomse s Symmetry Boundary ________ e
|
|
|
| |
At: 0.615 | I A

i i v, 6

| NS

/ (@)

b : : o

L i 5L @)

| 1 -

| I
I I
! i /
| H /
I /
t: 13.8UM = ==-mmmmmmmmmmaamaaoaaooo ] EEE oooomooeeoooooooeooooo
lon implant in Filter %
30% of total e
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Moving forward to the damage profile, the next step was to simplify the filter so it could be analysed. 
This relied on the pyramidal symmetry of the filter, which allowed the parts of the filter that were thin enough to let ions though to be dividing up into several bins, each with a different average thickness equally spaced between the thickness of the thinnest part of the filter and the thickness of silicon that would just stop oxygen ions from exiting. 
Given the beam was rastering there was an equal probability that an ion would hit anywhere on the filter, hence it could be assumed that an equal number of the ions would traverse the filter in each of these bins.
Put more simply, assuming 20 bins are used, for every 200 ions hitting the filter, 60 would implant in the thick bit and 7 would traverse the filter in each bin, exiting with an energy determined by the bin’s average thickness.
Based on these assumptions…


FAST ION ENERGY FILTER

lliffe et al. doi: 10.1109/TASC.2024.3523248 (ASC)

Resulting Damage profile for 20MeV O through a fill’?er

1.4

121

1

Damage [mdpa] per
3.3x10" O/cm? hitting the filter

[Definition: 1 “mdpa” = 1 in every 1000 target atoms has
been displaced from its original location by irradiation]
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The SRIM code was used to check the resulting damage and implantation profiles.
Shown in the middle figure is the calculated implantation profile with and without a filter, which was confirmed by a quick irradiation experiment and secondary ion mass spectroscopy.
The left-hand plot shows the calculated damage profile, assuming sufficient oxygen fluence to get roughly 1mdpa of damage is the sample, which is roughly uniform down to ~ 4-5 microns, …
Thus, the filter gives the irradiation a much more uniform damage profile than monoenergetic ions alone, …
… whilst not implanted sufficient oxygen to effect sample properties, and …
… with the added benefit that only a third of the fluence is required to reach the same damage level.


METHODS: IRRADIATION CHARACTERISTICS o q)

Q. What is the experiment set—up?

Reality
Silicon Implantation
Experiment (SIMS) Sample Plate Assembled o
behind Filter on Beamline Aluminium
Silicon Wafer subject LB | sample plate
to unfiltered beam REBCO CC
Disk Sample

Energy Filter

Mi2-factory : All rights reserved [8]
A=
FHCtury HELMHOLTZ ZENTRUM
JRESDEN ROSSENDORF n m
IREF25-

[8]

Mi2-factory : All rights reserved

liffe et al. Superconductivity News Forum 18, Issue 55 (SNF Issue No. 55, January 2024 | SNF)
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Based on this, an experiment was designed, and the resultant set-up is shown. 
Up to 9 samples and a silicon wafer for SIMS testing could be irradiated at one time, 
Each disk was cut from a REBCO coated conductor with its REBCO layer exposed.
Each disk was 3mm diameter, allowing its superconducting properties to be measured using magnetometry before, between and after irradiations.
Over the last 2 and a half years, we’ve performed 6 irradiation campaigns at the ion beam centre at HZDR in Dresden, allowing us to track the superconducting properties of multiple samples of 9 types of REBCO coated conductor up to damage levels of 6mdpa – roughly twice the STEP limit.


RESULTS _ 4

Q. Effect on Critical Temperature at zero field

o
O 0] )
O Q
g & @
T 0 T T T 1 A T T T T
] & 1
x EUBCO 1 \& x EUBCO 1
x EuBCO 2 _05 | x EuBCO 2
x EuBCO 3 x EuBCO 3
O (Gd,Y)BCO 1 0 (Gd,Y)BCO 1
 (adnpoo s T 2 (admBo0 4
v YBCO 1 T YBCO 0 (Gd,Y)BCO 3
g 15 V YBCO 1
¥ YBCO 2 2 0 ¥ YBCO 2
V YBCO 3 2 Ll v YBCO 3
o
. 0 o
X . i o
S~ e X, l_O '25 B ) -1
x Tl © (Gd,Y)BCO
~. T
I g 3T EuBCO T
BN TS LT
NN T
N 35} .
NN
~
70 | } | | | -4 1 1 1 1 1 1 1 1 1
0 1 5 3 4 5 6 7 80 82 84 8 8 90 92 94 9 98 100
Damage Level [mdpa] T [KI

- CC with similar rare earths cluster together, regardless of manufacturer or whether the sample included

artificial pinning centres (APCs).

IREFZS
lliffe thesis, Oxford University 2021; Fischer et al. 2018 doi: 10.1088/1361-6668/aaadf2 ; Lin et al. 1995 doi: 10.1103/PhysRevB.51. 1290u '_/
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So, one of the properties we paid particular interest to is the critical temperature.
In agreement with reported neutron irradiation experiments, critical temperature for all samples showed a monotonic decrease with increasing damage, though the rate of decline for some samples was noticeably lower.
Plotting the rate of decline against the pre-irradiation critical temperature for all samples showed a tendency for samples with similar rare earths to cluster together, regardless of manufacturer or whether the sample included artificial pinning....


RESULTS

Q. Effect on Critical Temperature
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This rare-earth clustering was not seen when comparing this data to neutron irradiation data, though at least the rates of decline with damage are comparable.
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Q. Effecton,,(B,T)?
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Moving to the effect on high field critical current, shown here are all the critical current measurements from all the samples we measure of type YBCO 1.
If we group these by damage range the plot gets a bit clearer, allowing us to see the general trend in the data which seems to agree with what we’d expect from the literature.
From here we can extract all the data at a single field and temperature so to compare it against similar data extracted for datasets at different temperatures, suggesting that radiation resilience increases as temperature decreases. 
Further, we managed to find an expression which combines a flux pinning enhancement term with an exponential decay, we believe characteristic of a loss in superconducting volume, that fit the data for this sample and, in fact, every other sample we measured pretty well, …
which is defined here a having a coefficients of determination greater than 0.8.
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Q. Effects on [.,,,(B,T) — Comparing Samples Types
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Using these fits allowed us to compare the effect of irradiation on different types of coated conductor.
This slide compares all samples at 15T and different temperatures
As suggested by the literature, the samples with no artificial pinning – YBCO 3 and EuBCO 2 – show the most relative improvement in critical current at all temperature.
At the other end of this spectrum, there are several samples, all with artificial pinning, showed no improvement upon irradiation, suggested that the REBCO layer in these samples may be over saturated with defects....
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Q. Effects on [.,,,(B,T) — Comparing Samples Types

Damage Level in YBCO [mdpa]

5 2O 114 2.28 342 456
. 1 ] 1 1 1 ] 1
@ SCS4050-AP 2013 —©—
2+ SCS4050-AP —&—
SCS4050
1.8 1 SUNAM —l—
e k o . 344C —®

1.4

1/1°

1.2 —8 .
1 I — \\ :

0.8 |- 3 :

06 30K15T \\\O

0.4 1 1 1 1 1 L 1

0 0.5 1 1.5 2 2.5 3 35 4

Fast neutron fluence (1022 m™2)

Next, we compare the relative
change in |, between samples of
different types.

As suggested by literature, sample
types with no artificial pinning show
most improvement in |, upon
irradiation.
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Some samples show zero
improvement in Icpw with irradiation,
suggesting artificial pinning has over
saturated REBCO layer with defects.

When comparing to neutron irradiation
results, point where initial I,
reestablished for non-pinned samples is
comparable.
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When comparing with the neutron irradiation data, it seems most of the Vienna sample showed a similar response to the unpinned ion irradiated tapes, with the point where pre-irradiation Ic is re-established being similar for both sets of samples.
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Q. Effects on [.,,,(B,T) — Comparing Samples Types
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Results show that Temperature
control, not only effects magnet
performance, but also effects
magnet lifetime!

Relative changes are great... but, for
fusion applications, absolute current
carrying capacity is key...

Shown are the fits of high field |,
for all sample type, scaled by

) ¥ Un-artificially pinned tapes have
sample averaged initial values.

slower exponential decay than
pinned tapes.

40 K, 15 T||c
900 T T - T T T T I
YBCO 3
800 EuBCO 1
— = .YBCO2
700 EuBCO 2
— — ‘EuBCOS3
YBCO1
600 | — — .(Gd,Y)BCO1
— —=—=:(Gd,Y)BCO 2
§ s00f e (Gd,Y)BCO 3
<
& 400

Damage [mdpa]

Many tapes converge to similar
critical current levels at 3-4mdpa.
Suggests pinning now dominated
by defects created by irradiation.
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Moving to absolute critical current now,…
Again, here we are comparing all samples at 15T and different temperatures, this time by scaling the fits shown previously by the average pre-irradiation Ic for each sample type.
Theirs a couple of interesting findings here, most notably that the 2 un-artificially pinned samples seem to have a noticeably slower exponential decay in critical current after their flux pinning efficiency has saturated, resulting in one of them - YBCO 3 – becoming one of best sample after 4.5 mdpa of damage – just a pity that’s beyond the STEP damage limit.
Secondly, it appears that many of the tapes seem to converge to very similar critical currents between 3-4mdpa at all temperature, perhaps suggesting that, whatever flux pinning landscape they had before, tape performance is now dominated by the one resulting for the irradiation.
Again, we can compare with the some of the Vienna neutron irradiation data which seems to lend some more data to this saturated-by-irradiation-induced defects hypothesis


SUMMARY & CONCLUSIONS g9 4

In this work:

- Introduced the STEP programme.

- Several commercially available coated conductors were oxygen ion irradiated through an energy
filter in steps up to and beyond the damage level expected in STEP.

- Theirradiation used an energy filter to more closely mimic irradiation with fusion spectrum neutrons.

Conclusions:
- Compared to using monoenergetic ions, using an energy filter results in:
- More uniform volume homogeneity of irradiation damage and bombarding ion implantation.
- 1/3 fluence needed to achieve same damage level.
- Larger fraction of total collisions ion-to-target nuclei.
- Choice of rare-earth in REBCO affects both the starting critical temperature and the rate of its
monotonic decline with damage level.

IICPW((D)) trajectory affected by temperature, field strength and defect density in REBCO.
cpw

- That C”W(( 3 can be modelled as a combination of changing pinning efficiency and a loss in
cpw

superconducting volume.
- Some CC over-saturated with defect, leading to no improvement in I.,,, upon irradiation.

- Un-artificially pinned samples show slower exponential decay in I, after their pinning efficiency

has saturated. /'I r\

- Many tapes converge to similar I,,,, at 3 - 4mdpa, suggesting pinning now dominated by defects IREF25

created by irradiation. \’ ” "/
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So that is all I planned to say.
I leave you with a summary of conclusions
Thank you very much attention.


ACKNOWLEDGEMENTS

This work has been funded by
STEP, a major technology and
infrastructure programme led by
UK Industrial Fusion Solutions Ltd
(UKIFS), which aims to deliver the
UK’s prototype fusion powerplant
and a path to the commercial
viability of fusion.

This work was supported by the lon
Beam Centre at HZDR, Dresden,
Germany and mi2-factory based in
Jena, Germany.

The research used UKAEA'’s
Materials Research Facility,
which has been funded by and is
part of the UK’s National Nuclear
User Facility and Henry Royce
Institute for Advanced Materials.

Thanks go to:

@ HZDR & mi2 Factory
Constantin Csato

- Shavkat Akhmadaliev

- Florian Krippendorf

- Stefan lllhardt

- Beam operators at
HZDR

NIVERSITY OF gﬂ/ﬁil{%v
BT UNIVERSITYOF
The University of Manchester BIRMINGHAM
Dalton Muclear Institute
. L R |
fomennd =R
Facilities Council HELMHOLTZ ZENTRUM

DRESDEN ROSSENDORF

cm-searc_h @factﬂry
Centre Rez
‘Q' MATERIALS
o RESEARCH
ﬂ‘ﬂ FACILITY

ISIS Neutron and
Muon Source

';;' CVR




STEPRY

COPYRIGHT NOTICE

This original presentation was created by
William Iliffe, HTS Irradiation Test Plan Lead,
on 3/07/2025.

Copyright © UK Industrial Fusion Solutions Ltd. 2024. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system of any nature, or
transmitted, in any form or by any means including photocopying and recording, without the prior
written permission of the copyright owner.

Licences issued by the Copyright Licensing Agency or any other reproduction rights organisation do
not apply. If any unauthorised acts are carried out in relation to this copyright work, a civil claim
for damages may be made and/or a criminal prosecution may result.



	Standard Slides
	Slide 1: The Effect of Filtered Oxygen Ion Irradiation  on REBCO Coated Conductors
	Slide 2: What I’m going to Talk about
	Slide 3: UK Public Section Route to Commercial Fusion
	Slide 4: The STEP Tokamak
	Slide 5: The STEP Tokamak
	Slide 6: The STEP Tokamak
	Slide 7: STEP HTS Irradiation test plan
	Slide 8
	Slide 9: Emulating Neutron Irradiation  with FAST Ions
	Slide 10: Fast Ion Energy Filter
	Slide 11: Fast Ion Energy Filter
	Slide 12: Fast Ion Energy Filter
	Slide 13: Fast Ion Energy Filter
	Slide 14: Methods: Irradiation Characteristics
	Slide 15: Results
	Slide 16: Results
	Slide 17: Results
	Slide 18: Results
	Slide 19: Results
	Slide 20: Results
	Slide 21: Summary & Conclusions
	Slide 22: Acknowledgements 
	Slide 23: COPYRIGHT NOTICE




