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The goal: understanding radiation damage in CC at conditions relevant for fusion reactors magnets
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Pinning regimes: a simple case
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Always:
Field-independent J. at low H.

Single vortex pinning & seifield.

ManyREBCO films and CC.:
Power law regime], "~ H2
at intermediate fields.
Originally empirical, models
developed later.
a became a standard performance
parameter.

Always.
FastJ.(H) decrease at high field

(fluctuations)



The exponent a depends on the pinning landscape

LargeJ. enhancement in YBCO
CC through doping with BaZrQ

(Driscoll et al., Nat. Mat. 3, 439
| (2004))

T=75K - H/lc

Lowera Y

better field retention Y
favorable

(for similar self-field J.)

0.1 § BZO doped:
| —&— xtal MgO -a=0.21
| — = IBADMgO -a=0.31

The lowa is directly related
- undoped YBCO to a very large eaxis peak
— ¢ = YBCO+BZO in the angular dependence
of J. (reversed anisotropy)

- undoped YBCO:
| —4A—on IBAD MgO - a=0.48
—&—on xtal STO -a=0.58

0.01 | I””O.l n‘&H[T]i

TEM images show that the BaZrQO
nanoparticles self-assemble into rods

Pinning by columnar defects




Phase diagram for a power law dependence (simple)
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The power law regime may extend to higher fields

Less common capabilities are needed for those studies
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Caution: some CCsdo not exhibit a power -law regime (or exhibit it only over limited T ranges)
A common case is CCs with BZO additions (both MOCVD and PLD)
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New results (progress report)

We are studying several CC samples from Univ. of Houston:

MOCVD / IBAD MgO / Hastelloy For a 12mm wide tape
| will report results on 2 samples: e IR
A UH1: 2vm thick, no Zr addition, moderatel, [1.(77K,0T)=139A1,(20K,13T)=108A]
A UHG6: 4vm thick, 5% Zr addition, highl, [I.(77K,0T)=695A1_(20K,13T)=1564A]
Tools:
A MPMS SQUID, 7max. field, MIT
A PPMS VSM, 14max. field, LANL mAClI ¢GUGNIRAEqQRYUw

A PPMS VSM, 9max. field, UConn We cut small pieces of one tape, to distribute among

the collaborating institutions.

Nt

Irradiations:

1.2 MeVprotons, MIT We need to check

A Consistency among data from different systems

A Similar enough properties among pieces of the
same tape
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First example: UH1 - a simple case

Magnetic measurement ofJ.(T,H)
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2 pieces, 2 VSM systems, excellent consistency!
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First example: UH1 0there are clearly 3 pinning regimes

Magnetic measurement ofJ.(T,H)
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First example:

UH1 o we can scale all the data on a single curve
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The full curve can be measured in one run
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UH1 o phase diagram & scaling functions
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Next step: tracking evolution of phase diagram with irradiation (future work)

What are the possibilities?
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Second example: UH6 - a more complex pinning landscape
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2 pieces, 2 systems (VSM SQUID), consistent data



UHG6: No scaling is observed, evidence of mixed pinning landscape

We can still define and track some characteristic fields, e.g., fractions o}.(T,H=0)
UH®6 unirradiated
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UHG6: No scaling is observed, evidence of mixed pinning landscape

We can identify additional features

UH®6 unirradiated
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UHG6: No scaling is observed, evidence of mixed pinning landscape

We can identify additional features

UH®6 unirradiated
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UHG6: No scaling is observed, evidence of complex pinning landscape

Same phase diagram, in linear and log scales

UH6 unirradiated UH®6 unirradiated
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Irradiation of UH6 with 1.2 MeV p  *- (1) characterization of several unirradiated pieces

We cut several pieces (~ squares, 3x3 mm) and compared their properties 10 1
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0.0000 piece 2 _ g
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Cy .. =
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m (normalized)

Irradiation of UH6 with 1.2 MeV p  *- (2) fluence dependence of T
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The increase Iin the transition width introduces
some uncertainty in the math. What isI.?
More work needed here



Irradiation of UH6 with 1.2 MeV p  *- (3) fluence dependence of J.
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A Too high dose?

A Initial pinning landscape close to optimum?
A We did not measure at high enoughl?



Irradiation of UH6 with 1.2 MeV p  *- (3) fluence dependence of J.
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Irradiation of UH6 with 1.2 MeV p  *- (3) fluence dependence of J.
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Some minor pinning increase does occur at low T

Very simple picture
10K 4 pinning If A(T,H) is not modified by irradiation, then

30K increase at J.(T,H=6T)4.(T,H=0) should be constant
— [| low T. Point Exceptthat:
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0.4
= — m e e e e e e e e S - == - ?
defects: A we should compare data at samel/ T,
rather than sameT
03 A some changes in the field scaleKl.) may exist
L
S ¥
)it
I .
~ 0.2 Likely due to
reduced T, Future work
UHG:
0.1 A Extend analysis to higher fluences
A Look at angular dependence
A Look at creep
. Repeat for a simpler pinning landscape (e.g. UH1)
0.E+00 1.E+20 2.E+20
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Summary

A Pinning phase diagrams provide a framework both rigorous and visually
intuitive to interpret vortex pinning results

AThey may significantly increase the throughput of radiation damage
studies by reducing the amount of measurements required

AThey may inform next steps (fluences, annealing)
AThis is further improved if scaling laws for J .(T,H) can be obtained

A Our ladder approach enhances the value of measurements at fields
lower (even much lower) than the expected operation conditions for
fusion reactors magnets Y Useful for in -situ measurements at low H
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