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Vorführender
Präsentationsnotizen
Where are we and why do we need ARIES?
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~ Accelerator Science in the XXI Centur
e — A ‘ - -

of all particle accelerators, -

<1% used for basic science
5% for applied science

© 35% for medicine

= 60% in industry

Engines of discovery: 1/3 of all Nobel prizes in physics B
since 1939 are connected to particle accelerators.
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Updated Livingstone-type chart (Wikipedia 2014, uploaded by J.Nash, Imperial College)
Exponential growth of accelerator energy is slowing down. We need new

technologies to sustain the discovery reach. ARIES collaborative effort partially
funded by the H2020 — EC program supports new technogies

Courtesy of M Vretenar (CERN)
H2020-ARIES coordinator

ARIES is‘eo-funded by the European Commission Grant Agreement number 730871


Vorführender
Präsentationsnotizen
This century started with great success of LHC, accelerators known by everyone – LHC is the top of an iceberg, indeed almost all accelerators are not for High Energy Physics (HEP). However HEP accelerators is the “arena” where most of innovations are tested. The graphs shown that the accelerator energy growth is saturating, so new technologies and innovations are under study for the next bold step.
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ARIES Key Figures

19 Workpackage Coordinators: 6 from CERN, 4 from UK, 4
from Germany, 3 from France, 1 from Switzerland, 1 from

Sweden. 4 female (21%).

EC contribution 10 M€, total cost 24.9 M€, funding rate 40%.
Share of EC contribution: Management 7%, Networks 31%,
TA 22%, JRAs 40%.

51 Deliverables and 67 Milestones

42 beneficiaries from 18 EU countries (+CERN, ESS)
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Vorführender
Präsentationsnotizen
ARIES is a multidisciplinary program for Accelerator R&D, partly funded by EU, via the European Commission EC-H2020 frame programme. The activity on HTS is of the JRA (Joint Research Activity) type.
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EU support to particle accelerator R&D

Integrating Activities

Design Studies,

Nb3Sn development and
magnets (NED & FRESCA?2)
15-20 M€ - 3 M€ from EU

b

HTS (REBCO) development
™ Race track and FeatherM2
8 M€ - 2.5 M€ from EU

| JPRAXIA 016 O

Low priority of long-term R&D for large laboratories focused on short-term projects, while small institutions
lack critical mass and the experience to be effective — a joint collaborative effort with the EU support is the
most effective way to push the limits of our technologies.

+
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Vorführender
Präsentationsnotizen
Since 2003, the EU has consistently financed R&D on accelerators. Inside this, in the green frames, the support by the EU is reported  for Superconductors and Magnets, first for high Jc Nb3Sn for accelerators, and now for HTS.
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CARE — EuCARD: 15 y Nb;Sn development in EU

CARE-NED 2004-2008 then CERN + CEA
Development of PIT conductor and first HF dipole design
PIT of 1300-1500 J_ at 15T

i _ : Fresca 2 all Nb3sn (RRP+PIT) record
EUCARD ' field dipole: 14.6 T in 100 m free bore
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Vorführender
Präsentationsnotizen
Results on High Jc Nb3Sn via FP6-CARE and FP7-Eucard programs. The result of 15 years R&D is the record field FRESCA2 dipole. The financing by Europe has been only a fraction of the total budget, however, it was instrumental to initiate and secure the project.
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HTS in accelerators: not only highest field

{ 25T
20+ T dipole field is the //

grail for accelerator people T s Di'po.%
High rad zone, B=15-16 T 18 - _;,/ﬁ’
with high margin _or , ¢
Operation of full =0 wine |
accelerator in 10-20 Kgas & | ,/° ]
Pulsed magnets in the g st ssc, . |
accelerator chain: 3-6 T at D 6L o ]
20-80 K for low power = ab 9 Ok .
consumption 2t @ " -
Long SC links (s.f. 100-200 7970 1980 1980 2000 2010 2020 2030 2040
kA cable, 100-500 m long) Year
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Vorführender
Präsentationsnotizen
HTS may become the «Holy Grail» of HEP accelerators: they may open the 20-25 T range, and open new possibilities for operation temperatures. They may enable also the wide use of pulsed magnets as well as new type of cold powering (for displacing the power supplies very far from the SC magnets).
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~ield evolution: dipoles vs solenoids
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Vorführender
Präsentationsnotizen
When talking of 20-25 T in dipoles, one has to realize that a typical dipole field is half than a solenoidal field. So the 20 T range well compare, as difficulty, the to the 40 T that is the next step for solenoids, see graph.
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EuCARD HTS (2008-13), CEA-CERN collab. (2014-17)

HTS

Cable: 0.92 mm thick

ARIES

2 First attempt —in EU — to go for 7 EUCARD
dipole-like coil. Stacked tapes, no “““——"I:'”}S
transposition, with large amount Cu CERN conductor

Simple racetrack.
Transposition between the two sub-
cables of top and bottom pole.

12 mm wide

- LN2
—-LHe up

Centralfield (T)

LN, 77K
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Current (A)

M. Durante et al., CEA
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LHe4.2K

By Superfwer.

Magnet design,
construction,test.
Technological
support by INP
Grenoble

EuCARD HTS Dipole magnet - CEA Saclay - July-September2017
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Vorführender
Präsentationsnotizen
The first attempt for HTS accelerator magnets R&D in Europe happened with FP7-Eucard: together with the above mentioned Nb3Sn FRESCA2 dipole (slide 5) the study of a simple «no bore» racetrack was launched, based on 4 stacked HTS (YBCO)12 mm wide tapes, with a considerable amount of copper for protection. With a few years of delay,  the program has been successfully tested in 2017: 5.3 T (target was 5 T).
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Program of EUCARD2-WP10
Future Magnets: 2013-2017  _EucARD?

MAGNET DEMO

CONDUCTOR accelerator quality
5-20 kA cable @4.2K 5-20T Aperture ~40 mm
ten kAmps-class cable (Ryin cable = 20 mm!)
For accelerator dipoles: 5 T standalone with 20%
Joveran > 400 A/mm?2 margin (> 6 T ss limit)
80-85% filling factor Insertable in High Field
Jeng Strand > 400 A/mm? min. — outer Diam < 100 mm
Jong Strand > 600 A/mm? (including mech. structure)
enhan. Length <1m (Lstralght
Field Quality 200mm)
transposed Mustreach 17 Tin 13 T
Not too many joints = high background (Fresca2)

current — 100 m long tape

+
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Vorführender
Präsentationsnotizen
In 2013-2017, the FP7-Eucard2 program had a full workpackage, WP10 «Future Magnets», dedicated to the development of the HTS conductor (YBCO) and of a magnet demostrator, specifically for accelerators: multistrand transposed cable rated at 5-10 kA, accelerator field quality (ability of protection on large scale, etc…).
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Results in EUCARD? : tapes =fgsdn  EUCARD’

Crltlcal current den5|ty at 18 T, 4. 2 K

rzgg target O\ H ﬁ{_q_)x’“ﬁ &Kir/ﬁw\ [\ A /Rr %N\)&& gg B
b 2 A AR AT ETTER
=== U :

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Unit length for cable manufacturing (-)

About 1 km of tape was produced above 400 A/mm?
Most of tapes are above 600 A/mm?
This with 100 pm thick substrate: very high J,, .,

Production length: typical 90 m (cut in 30 m unit for
cabling)

+
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Vorführender
Präsentationsnotizen
In Eucard2 we successfully developed tapes of very high JEngineering (goal was 400 A/mm2 at 20 T), by Bruker HTS (member of the collaboration) with various labs engaged in a full characterization.
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Results of EUCARDZ2: Roebel Cable (for test)

EUCARD
New improved punching tool: first tests ﬂ(IT

One -step punchlng TL= 300 mm

Punching in one-step:

» Within CERN collaboration agreement &

* Reduced tape transport error
- Possibility of adjustment to the tape width ~ Bruker punched tape  cross section

* Tooling clearance 5 ym +/-2 ym

+
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Vorführender
Präsentationsnotizen
The selected cable configuration has been of Roebel type because of large possible currents (5-30 kA), full transposition and high packing factors (80-85%, almost like the Rutherford cable). Disadvantages are mainly the waste of material and the flat geometry with a very difficult bending in the non-easy direction.
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Roeble cable by KIT for the EUCARD?2

@Dz ﬁ("-

Large currents ~ 10 kA with good FF ~ 85% (same range Ruth. Cable)
Transposed (good FQ also in ramping)
Good contact resistance despite impregnation: 10-30 uQ (not low - not
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Vorführender
Präsentationsnotizen
First large current Roebel cable produced by KIT in the frame of ARIES (6 m).
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Results of Eucard2: demonstrator dipole

(a) In the model, cut
of the cable by
XY plane

Stainless steel
outer shell

|
Iron pole Copper spacer
Kapton
Ground
insulation

Concept and e.m.
Sy design by J. van
Nugteren, CERN

0.000 30.000 (mm) : _
- Mechanical analysis by
\ J. Murtomaki, CERN
+
ARIES L. Rossi et al. - REBCO development in ARIES - ASC'18 Seattle

~
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CU bars

Design and
technology innovation
by G. Kirby, CERN
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Vorführender
Präsentationsnotizen
Design of the demonstrator HTS magnet, wound with Roeble cable, in a geometry called Aligned coil Block (AB), or Feather_M2. It is a dipole field with decent (0.1-0.3%) field quality and a coil inner bore of 40 mm (reduced to 35 mm by the structure). The magnet is rated for 5 or more tesla with the full performance cable (or 3 T with first low performance cable).
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EuCARD2 1st demonstrator test and more...
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Vorführender
Präsentationsnotizen
Results of the 1st accelerator magnet demonstrator for Eucard2, wound with low performance cable.
Results are 10% higher than target. Most important is the demonstration of large current sharing, with soft transition, easy to detect and making easy magnet protection.
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Next demo FeatherM2.3-4 is alm

ost ready

e

G. Kirby, J. van Nugteren et al.

Test due in February 2019 and than going beyond EuCARD2:
More coils wiht further Eucard2 quality BHTS tapes (CERN) procured)
and with SuperPower tapes and SuperOx tape (all to test Roebel)

+
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Vorführender
Präsentationsnotizen
The next magnet demonstrator is wound with the high performance Eucard2 cable. Magnet construction is under way. After test, other two demonstrator magnet will follow.
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ARIES - WP14 Promoting Innovation

WP14.5 High Temperature Superconducting (HTS) innovative

process for accelerator magnet conductor
C\E/RW Lucio ROSSI — Task Leader

Thibault LECREVISSE — Deputy Task Leader

B(l:aggn Alexander USOSKIN — Ulrich BETZ — Industrial Partner

(O

UNIVERSITEIT  parc DHALLE
TWENTE.

?3&' B9 DE GENEVE UNIVERSTE  Carmine SENATORE

FACULTE DES SCIENCES

Contribution possibly also from ﬂ(IT Birsnukle Southampton

+
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Vorführender
Präsentationsnotizen
In H2020-ARIES we target a further step in HTS performance, via a task n.5 of Workpackage 14. The collaboration of task 14.5 is reduced wrt to Eucard2 since the aim is «only» conductor performance. 
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Scope of the work of WP14.5

Set up a NEW process optimization in -%R to:
" Increase J, by a factor 2 wrt 7 EucARD?
\EUCAR

fromJ, (4.2 K, 20 T) = 400-600 A/mm?
toJ, (4.2 K, 20 T) = 800-1000 A/mm?

* Produce in -%n some 450 m of tapes
« Use in a winding at (ﬁf@ @ (very much like @?D )

* Reduce the cost by a factor 2 in the production (at n%n)

* Electrical, magnetic, mechanical and thermal properties tested

5 UNIVERSITE
at YNVERSITET and (% orceneve

EEEEEEEEEEEEEEEEEE

+
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Task 14.5 — budget, deliverables and milestones

Budget: 1700 k€ total of which 550 k€ from EU: 330 BHTS
115 Univ. of Twente
105 Univ. of Geneva

Set-up of the Proof-of-Concept mnovation-

D141 : 142 CERN R PU Mi2
funding scheme

D142 Academia meets industry event 1 143 CERN R PU M24
Production of matenal samples of carbon-

D143 based composites and metal-diamond 14 4 CERN DEM PU M24
lcsirst lnn length industrial High T ture |

g len empera

D144 Superconductor - 145 CERN DEM PU
Real-time Event Distribution Network

D145 brought to openly accessible “product grade 14.6 COSYLAB | Other PU
level™

MS42 - appointing IAB - M12
MS43 - 1t academia meets industry — M24
MS44 - 2"d academia meets industry — M36
MS45 = 1t HTS short length — M14
MS46 - characterization of 1stshert long lenght — M36
MS47 =2 review requirements doc — M12

MS42 - review design and conf doc— M21

+
ARIES L. Rossi et al. - REBCO development in ARIES - ASC'18 Seattle

18


Vorführender
Präsentationsnotizen
The task 14.5 has a limited budget by EU. The total budget is a little more than the double since the EU funds must be matched with the internal fund of Institute (matching funds). The task has one deliverable for October 2019 (see table) and two Milestones (MS45 and 46)
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Overview: Jc(s.f.,77K) vs. J.H(19T,4.2K) (ca. 2016)

atore, UniGE

T T I T T T T T T T T
~ 100 L \/E/U_C\ARDZ _
E [ S——— o UoH - laboratory tape ]
E [ BHTS,T2291 |
§ ! BHTS T2289 STL ]
— m g e -
ﬁ SuperPower M4 ® SuperPower M3
q—\ BHTS Toosi Fuiikura
— i AMSC @ I
= SUNAM
= BHTS T002\/
— .
5 Review by C. Sen
> 101 :
5 - Critical Current 1
- B c—layer = T
I YBCO Area |
5 1 1 1 1 1 1 1 I 1 1 1 1
2.5 10
2
UNIVERSITE JC_|ayer(S-f-;77 K) [kA/mm ]
DE GENEVE

FACULTE DES SCIENCES
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Vorführender
Präsentationsnotizen
Bruker, member of the ARIES collaboration, has a very satisfactory process, that is best optimized to high Jc layers at high fields and low temperatures (with record values already reached in Eucard2, see graph)  with a great synergy between their internal program goals and the CERN goals for next generation accelerators.
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J. not all: exploring the full parameter space

J (4.2K,19T,1) [A/mm’]
1000

Electromechanical £ [%]

J (4.2K,19T, 1) [KA/mm’]
limits " 750 100 d )

100
1000 7 ) (77K,s.f.) [KA/mm’]

40

60 100

i 80 RRR "%R
Total area [mm’] 100 TO02 vs T2290

\ Cu area [%] /
| | Y
12 UNIVERSITE

A ~ Thermal conductivity
4~ DE GENEVE L. Rossi et al. - REBCO development in ARIES - ASC'18 Seattle

FACULTE DES SCIENCES
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Vorführender
Präsentationsnotizen
Jc or JE is not all: we take care of full characterization to determine the full parameter space of each tape. Mechanical and stability properties, beside critical current, are also important in magnets, indeed.
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Performance target for ARIES

e
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Vorführender
Präsentationsnotizen
The left graph reports the JE vs field of Eucard2 tape, with superimposed ARIES targets (the blue star is the minimum value and the orange one is the ultimate goal). 


IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2019.
Invited presentation IMOr2A-01 was given at ASC 2018, October 28-November 02, 2018, Seattle (USA).

Main target for 4RIES

> Increase J,

10000 p——

<

4+ ]
<
RPPP ARIES |
<g 1000} YBCO2.0um/SS 100;;:““444\@
E [
S~
<
o YBCO 3.8 um / SS 100 pum
100

V BHTS T002
E @4.2K, B//c

« BHTST2290 ]
' | 1

i How to get there?

* Increase the layer J_ of YBCO

1« Increase the thickness of YBCO

Reduce the thickness of the

1 TR TR TR T T B |
1 10

Magnetic field [T]

J - Critical Current
¢ Total Area

ARIES
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YBCO layer
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Vorführender
Präsentationsnotizen
Reducing the thickness of the substrate is not trivial: in BHTS technology, substrate material is stainless steel, which is not as strong as Hastelloy. A reduction in mechanical strength may have detrimental effects on the mechanical stability of the tape.
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ARIES project @ Bruker HTS BROKER
The PLD300 system, used for ARIES, is co-owned by BHTS and CERN

| | PuedLaserDep PLD6OO productlon equipment

SUBSTRATE PREPARATION (SUB) ; f — ] ;
BUFFER LAYER COATING (ABAD) -
HTS LAYER COATING (PLD)
METAL COATING (MET)

COPPER PLATING (PLA)

FINAL TAPE INSPECTION (INS) ~ “.. ‘ij |
|

I
- ", PLD300: appllcatlon equment ’
+ L -> .n L '
, 5 Ul D—
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Vorführender
Präsentationsnotizen
To accomplish the project BHTS and CERN have built with their own resources (design and construction by BHTS) an upgraded line for Pulsed Laser Deposition (PLD) of YBCO, called PLD300 (max. length of 12 mm wide continuous tape is 90-100 m.)
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PLD300 first year op

eration

il

R

12mm wide HTS
tape coated in
PLD300 for ARIES

+
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Vorführender
Präsentationsnotizen
January 2018: successful test of the PLD 300 as production line.
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Production tooling for ARIES 12 mm tape

TACOMA M

Ag coater now ready
for 12mm wide HTS
tape processing with
low thickness for 90
m. (St.Steel substrate
is less strong than
Hastelloy substrate)
Reel-to-Reel new
system is under
consideration

Modification of load lock for ta pe
transfer into high vacuum

+
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Vorführender
Präsentationsnotizen
In 2018 BHTS has also upgraded the silver coating line, to bring the capacity of the continous reel-to-reel process to 90 m long tapes (before it was 30 m), for 12 mm wide tapes.
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PROCESSING 50 um x 12 mm x 29 m HTS tape

* I_measurement from tape sample (start position) I (77 K, s.f.) = 174 A

* Average I_value from Hall-Probe-Measurement (TapeStar) of the 29 m long HTS
tape I (77 K, s.f.) =161 A

* 2x1_drops detected in the range 23-25 m
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Vorführender
Präsentationsnotizen
Demonstration of the uniformity of the first long length of 28 m of tape for ARIES. There are only a couple of Ic drops (that thanks to current redistribution can be well tolerated). Unformity at 4.2 K, which may be different due to different pinning mechanism at 77 K s.f. and 4.2 K high field, has not yet been fully demonstrated.
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General appearance of HTS tapes with 50 um SS substrates

The new tapes reveal a strong tape curvature V v

(tape bow) due to intrinsic film stresses of the
YBCO tape rj'

coatings

Curvature does not exceed the critical one: no deterioration of |_is observed
after flattening

Optimization of the coating process is ongoing

First results show a large reduction of the tap

bow U. Betz and A. Usoskin BHTS
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Vorführender
Präsentationsnotizen
The first tape produced with thin, 50 µm, substrate has shown an intrinsic mechanical instability. It was traced to a mismatch between mechanical and thermal properties of the stainless steel and of the buffer layer deposited via ABAD. The «bow» of the tape was very large, and has been reduced but not eliminated in the ARIES tapes that went for charaterization.
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12-mm ARIES tape: 50 um SS + 2x 20 um Cu
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Vorführender
Präsentationsnotizen
A 12 mm wide tape short sample from BHTS of the first ARIES production has been fully characterized by the University of Geneva, in terms of Ic vs field at various temperatures, see left plot. Despite the very high current density the transition was reasonably soft, and reproducible, as shown by the right plot.
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Vorführender
Präsentationsnotizen
Here the plot shows that the sample whose Ic curves have been shown in the previous slide, fully meets the ARIES targets, going well above the 800 A/mm2 in terms of Je at 20 T, 4.2 K.


IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2019.
Invited presentation IMOr2A-01 was given at ASC 2018, October 28-November 02, 2018, Seattle (USA).

High current density confirmed in NHMFL-FL

QO040: Ic in-field
measurement of 4 mm
wide HTS production
tape from 2017 showing
250 Aat4.2K, 30T,
B//c

Q021: I in-field
measurement of 12 mm
wide ARIES HTS tape
with 50 um substrate
thickness from 2017
revealing 290 A at 4.2 K,
30T, B//c

Highest in-field
engineering current
density:

J,>1100 A/mm?at 20T,
4.2 K, B//c,

50 um thick substrate
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Vorführender
Präsentationsnotizen
A 4 mm wide tape, slit out of the initial ARIES 12 mm wide tape, was measured at NHMFL (Florida). The measured JE is even superior to the one measured at the University of Geneva, showing a record value JE > 1100 A/mm2, at 4.2 K-20 T. This is probably due to the fact that the tape is the central 4 mm band of the 12 mm wide tape. Due to the PLD process the central band is likely to have  a higher Jc  than the two lateral 4 mm bands. 
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But bending is an issue for practical use...

At high temperature stainless substrate is soft. And YSZ is thick...
Using YSZ with ABAD to try to correct the curvature
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Vorführender
Präsentationsnotizen
Various attempt have been carried out to eliminate the bow of the tape. Typically, the buffer layer is deposited on both sides (even if only one is needed for PLD) to straighten the tape.
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Results not fully succssful, yet...
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Vorführender
Präsentationsnotizen
So far all results with straightened tape have a lower performance, below the ARIES target. However we had a steady progress that make us hope to succeed.
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Will we continue to use Roeble cable?

— — —

ARIES tape with 50 um stainless steel is delicate
Use of cable with two stacked tapes with low Cu,
possibly with Cu strips is under consideration

+ __J
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Vorführender
Präsentationsnotizen
Meanwhile we are considering if it is convenient to use Roebel cable also with this thinner ARIES tape. The punching and assembly process of Roebel may damage this tape. In addition its higher current density may make a simple stack, with few tapes, sufficient in terms of operative current in a magnet.
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New ideas for HTS dipole with cable or double tape

Towards Resco 20T+

Dipoles for Accelerators

See poster by J. van Nugteren et al., 3LPo2H-03

See also poster by J. Mutomaki et al., 4LPo1F-09 i L
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Vorführender
Präsentationsnotizen
At CERN, as example, we are exploring new ideas, like this magnet with «cloverleaves» shape ends. This end shape would allow a thin and wide tape to be bent in the non-easy way without any effort and damage making possible the use of simple tapes or staked type cable (see previous slide)
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Thank you for your attention

Question?

ARIES is‘co-funded by the European Commission Grant Agreement number 730871
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