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Overview of the Presentation

Superconducting
Magnet Division

* High Temperature Superconductors (HTS)

L1 Introduction and Status
» Advantages of using HTS in Accelerator Magnets
* HTS for RIA Quads (NSCL/BNL collaboration)

» High Temperature, Medium Field Application

1 A Preliminary Design will be presented.
« Other HTS Applications: Low Temp., Very High Field Magnets
 BNL Experience With HTS

[0 HTS Tape & Cable Testing

[1 Test Coils and Magnet R&D

v’ Yes, HTS hardware has been built & tested |

e Summary
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Eﬁoﬂﬁgﬁ‘!ﬁﬂ! The Conventional Low Temperature Superconductors (LTS)
and the New High Temperature Superconductors (HTS)

Superconducting
Magnet Division
Low Temperature Superconductor Onnes (1911)
Resistance of Mercury falls suddenly below
meas. accuracy at very low (4.2) temperature . . . .

New materials (ceramics) loose their resistance

at NOT so low temperature (Liquid Nitrogen)!
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wesonion | Popylar HTS Materials of Today

Superconducting

Magnet Division

-BSCCO 2223 (Bi,Pb),Sr,Ca,Cu,0,
-BSCCO 2212
“YBCCO

*MgB,, is technically a low temperature superconductor (LTS) with
critical temperature ~39 K.

Of these only BSCC02212 and BSCCO02223 are now available in
sufficient quantities to make accelerator magnets.
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BROOKHAUEN. | Another Remarkable Property of HTS
Superconducting The ngh Field Current Car'r'ying COPOC“’Y

Magnet Division

#12% 2002 - Compiled by PeterJ. Lee - jcprog_02blppt, jeprog_02.xls

Superconductor Critical Currents

Legend on next slide
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IO E A SR Advantages of using HTS
Superconducting in Accelerator Magnets

Magnet Division

As compared to LTS, the critical current density (J. ) falls slowly
* as a function of temperature
* as a function of field

Translate this to maghet desigh and accelerator operation:
 HTS based magnets can work at elevated temperatures

* a rise in temperature from, e.qg., decay particles can be tolerated
* the operating temperature does not have to be controlled precisely

 HTS has a potential to produce very high field magnets
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BROOKHEVEN Operation of HTS Based
Superconducting Accelerator Magnets

Magnet Division

 HTS based magnets don’t appear to quench in a normal way.

* One (or even a few) weak spot (s) won't limit the ultimate
performance of the magnet. That would only cause the local
temperature to rise a bit but the magnet will continue to operate.

- This becomes more a question of the heat load rather than
the weak spot limiting the performance of the whole magnet.

 This is a major difference from the LTS based magnets where
a single weak spot limits the performance of the entire magnet.
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BROOKHEVEN Challenges with HTS

NATIONAL LABORATORY

Superconducting | (and the way they are being addressed)

Magnet Division

« HTS materials are very brittle
Work on magnet designs => make “conductor friendly designs”.

 HTS materials are still very expensive

Cost/Amp is coming down continuously, primarily because of the
improvements in performance. Also for some applications, the
performance and not the material cost should be the main consideration.
One must consider the overall system and operational cost.

 Large quantities are not available
Situation has significantly improved. We purchased 1.5 km long wire.
The tapes are available in similar length. Now we can make coils and
magnets having reasonable length.

The technical question is controlling the temperature of reaction furnace
to ~1/2 degree at 880°-890°C over the entire reaction volume.
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NATIONAL LABORATORY

Superconducting in ACCC'CPGTOP MGQHC"’S

Magnet Division

BROOKHRVEN | Possible Applications of HTS

Medium Field, Higher Temperature Application
Example: Quads for Rare Isotope Accelerator (RIA) --- *To be discussed first*
» These applications don’t require very high fields.

* The system design benefits enormously because the HTS offers the possibility of
magnets to operate at higher than 4K, say at 20-40 K.

« The HTS can tolerate a large increase in temperature in superconducting coils
(caused by the decay particles) with only a small loss in performance.

* Moreover, the temperature need not be controlled precisely (Think about an order of
magnitude relaxation in temperature variations, as compared to the LTS used in
current accelerator magnets).

High Field, Low Temperature Application

Example: Interaction Region (IR) Magnets for large luminosity upgrade or very high
field main ring dipoles to achieve highest possible energy in existing given tunnel.

* At very high fields (>15 T), no superconductor carries as much critical current
density as HTS.
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BROOKHEVEN ' High Temperature Superconductor (HTS)

NATIONAL LABORATORY

Superconducting | Quads in Fragment Separator Region of RIA

Magnet Division

RIA from
NSCL Web Site

5
| n‘?" BNL/NSCL Collaboration:
2 5 We propose HTS quadrupoles for

the first three magnet elements in
the RIA Fragment Separator.
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BROOKHEVEN | Basic Requirements of Quadrupoles
Superconducting for Fragment Separator in RIA

Magnet Division

They are the first magnetic elements in the fragment separator for RIA
* Required Gradient: 32 T/m in the first quadrupole of the triplet.
 This gradient points to superconducting magnet technology.

(1 Quads are exposed to high radiation level of fast neutrons (E > 1 MeV)

1 Beam looses 10-20% of its energy in production target, producing
several KW of neutrons.

1 A large fraction of above hit the superconducting quadrupole triplet.
* This raises several short tem and long term time scale issues.

Room temperature, water cooled copper magnets produce lower gradient
and/or lower aperture quads. That will lower acceptance and make inefficient
use of beam intensity. Also moving quad back and adding more shielding,
requires higher gradient and larger aperture quadrupoles.

Basically, we need “radiation resistant” superconducting quads, working in a
“hostile environment”, where no known magnet has ever lived so long before!
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BROOKHFAEN o
NATIONAL LABORATORY Shor'r T|me Scale Issues

Superconducting

Magnet Division

Superconducting magnets will quench if large amount of energy is dumped
on superconducting coils (over several mJ/g).

In addition, there is a large constant heat load on the cryogenic system :
~ 1 W/kg to the cold mass.

» The temperature increase must be controlled within the acceptable
tolerances of the superconductor used.

» The large amount of heat deposited must be removed economically.

« HTS appear to have a potential of offering a good technical and a good
economical solution with the critical current densities that are available
today (of course, we can always do better with higher J_).

* However, we need to develop magnet technology and prove that the
above potential can be utilized in a real magnet system.
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BHOOKIIH\IEN .
NATIONAL LABORATOR Long Time Scale Issues

Superconducting
Magnet Division

* One must look at the impact on the material properties of
such a radiation dose over the life time (estimated 107°
neutrons/cm? in the region of 0 to 30 degrees in ~12 years ).

* [ron and copper are expected to be able to withstand about
~100 times the above dose.

Note: The normal water cooled electromagnet can not
generate the required field gradient.

The development of the radiation resistant superconducting
magnet designs & technologies is highly desirable for RIA.
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BROOKHFIAEN s
NATIONAL LABORATORY BNL/NSCL Couabor‘a"'lon

Superconducting

Magnet Division

RIA R&D Proposal:

Development of Radiation Resistant Quadrupoles based on High
Temperature Superconductors for the Fragment Separator.

* BNL has a unique experience with HTS technology and expertise in
designing and building a variety of superconducting magnets. The primary
responsibility of BNL is to develop designs and technologies that can satisfy
both short term & long term requirements.

* NSCL has the knowledge of radiation related issues & requirements of RIA
and has the expertise on the impact of radiation on various materials. The
primary responsibility of NSCL is to carry out necessary model calculations
and plan experiments to assure that the magnet can withstand the required
dose over the specified period of time.

* In a collaboration, we both benefit with each others experience in magnet
designs & material properties. Initial results of this collaboration follows.
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BROOKHRVEN | Present Design for the 15t RIA Quad

NATIONAL LABORATORY

Superconducting in The Tr'iple‘l' Of Fr'agmen'l' Separ'a'l'or'

Magnet Division

A Super-ferric design with coil making significant contribution to field.

Coil starts at x =10 cm and yoke starts at R .= 9 cm

A Cold Iron | i
Design using

NbTi (LTS)
Superconductor | | o
Courtesy: N [ B
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NATIONAL LABORATORY

Superconducting
Magnet Division

Field Quality in the present design

Gradient on the X-axis

The required
good field
aperture is 5cm

Coil starts at
Xx=10cm
and yoke at
R,..=9cm

yoke
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NATIONAL LABORATORY

Superconducting Fluence a"' Lar'ger' Ang|e

Magnet Division

BROOKHRVEN | Significant Reduction in Neutron

Note:

A large (almost exponential)
reduction in Neutron Fluence

NEUTRON YIELDS FROM THICK C, Al, Cu, AND Pb . . . PHYSICAL REVIEW C 62 044615
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BROOKHEAMEN | Proposed Alternate Design for the 1s' RIA

Superconducting | Quad in the Triplet of Fragment Separator

Magnet Division

A Super-ferric design with yoke making significant contribution to field.

Racetrack Coil is at x =22 cm and yoke starts at R . = 5.5 cm

RIA T1
|

» Coils are moved
further out to reduce »1 A Warm Iron Design with o

radiation dose. Racetrack HTS Coils

35 — — 35

* Field lines are
funneled at the pole 0 L
to create larger
gradient.

« Warm iron 0 2
(cryostat around the
coil), to reduce heat
load on the system.

25 — — 25

15 — — 15

10 — — 10

BNL/NSCL Collaboration /((;'f%
((

I I I I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50 55 60
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b sl Field Quality in the Proposed
Superconducting Alternate Design

Magnet Division
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BROOKHFAVEN . . . -
NATIONAL LABORATORY I"SU'G?'OH In HTS CO|IS BU[I"' a"' BNL

Superconducting
Magnet Division

BNL has successfully tested several HTS R&D magnets and test coils made with BSCCO
2212 and BSCCO 2223 tape. A unique and very pertinent feature of these coils 1s the
successful use of stainless steel as the insulation material between turns. This technique was

developed to provide a strong mechanical coil package capable of withstanding the large
Lorentz forces in a 25T environment, but will also provide a highly radiation resistant coil.

—

S.S. insulation
works well with
superconductors

Two double pancake NMR coils,
one with kapton insulation and the
other with stainless steel.

HTS Test Coil for an Accelerator Magnet
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BROOKHEAMEN | Symmary and Status of the Alternate Design

NATIONAL LABORATORY

superconducting | OF The 151 QUAD in RIA Fragment Separator

Magnet Division

Apart from providing a good technical solution, this design
should bring a large reduction in the operating costs.

« HTS Quads can operate at much a higher temperature (20-40 K instead
of 4K).

*The iron yoke is warm (or at least at ~80 K, which can be cooled by liquid
nitrogen). This brings a major reduction in amount of heat to be removed at
lower temperature.

* The coils are moved significantly outward to reduce radiation dose by a
large amount.

* HTS can tolerate an order of magnitude higher temperature variations
during operation.

» The possibility of stainless steel insulation is highly attractive.

* It is shown that the field quality requirements can be met.
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BROOKHEAEN , . : :
wnonarasorsiory | High Field Magnet Designs with HTS

Superconducting
Magnet Division

10000

- Hi Perf f 0.8 mm dia wire |
NOTE: High Temperature erformance of 0.8 mm dia wire |

*~
o

Superconductors (HTS) are |7 N ASCCOZ212 (4.2K)
uniquely suitable for generating |« \ \\sﬁ\ﬁﬁ
very high fields since, unlike in : . b3Sn (4219

\ \

A X

\ \

conventional Low Temperature “
Superconductors (LTS), the | IS RS
reduction in critical current R T Rt b
density as a function of flel_d is o 2 4 6 8 10 12 14 16 18 20
much smaller at very high fields. B(T)

Jc(A/mm2
=
o
o

100

Applications Under Considerations
« Common Coil 2-in-1 Dipole Design for Hadron Colliders
* Neutrino Factory Storage Ring/Muon Collider Dipole (and Quads) Design

e Interaction Region Magnets (Dipole and Quadrupoles) for High
Luminosity Colliders (e.g. for LHC Luminosity Upgrade)
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BROOKHEVEN Design Issues for High Field

™ T

NATIONAL LABORATORY

Superconducting Accelerator Magnets using HTS

Magnet Division

* HTS 1s very brittle

Conventional designs are

not the most suitable
Conventional cosine 0 design (e.g., RHIC magnets)

* Large Lorentz forces Complex 3-d geometry in the ends

*The required temperature
uniformity during the heat

treatment 1s high:

(~1/2 degree at ~890° C)

“Conductor friendly” racetrack coil with large bend radius

—> React & Wind Approach
Suitable for high field magnets with brittle material
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HELIUM
CONTAINMENT
SHELL

IRON YOKE

el e X BNL

Common Coil Design

+ — N Q . *
WORE *I?DE 3 HELIUM )
/ ¥“/@\ PASSAGE

COIILS

Coil #1

Simple 2-d geometry with large bend

radius (determined by spacing between
two apertures, rather than aperture itself).

Conductor friendly (no complex 3-d
ends, suitable for brittle materials -
most for H.F. are - Nb,Sn and HTS).

Compact (quadrupole type cross-
section, field falls more rapidly).

Block design (for handling large
Lorentz forces at high fields).

Combined function magnets possible.

Efficient and methodical R&D due to
simple & modular design.

Minimum requirements on big
expensive tooling and labor.

Lower cost magnets expected.
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NATIONAL LABORATOR]

Common Coil Magnet As A Test Facility

Superconducting

Magnet Division

* A Modular Design with a significant flexibility.
Strand, cable . . .
or insert coil * Coil geometry is vertical and flat. That means a

new coil module having even a different cable
SO 3 width can be accommodated by changing only
few parts in the internal support structure.

\

Tl

Il

 The central field can be increased by reducing the
separation between the coils.

 The geometry is suitable for testing strands,
cables, mini-coils and insert coils.

Since the insert coil module has a relatively small
price tag, this approach allows both “systematic”
$ and “high risk” R&D in a time and cost-effective
way. This might change the way we do magnet
R&D.

e Can use the successful results in the next magnet.

BNL Drawing
[
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BROOKHAVEN | Racetrack Coil Cassettes for Rapid

NATIONAL LABORATORY

Superconducting Turn Around Magne‘l' R&D FOC||i'|'y

Magnet Division

BNL makes racetrack
coils in modular
structure. These modules
(cassettes) can be mixed
and matched for a variety
of experiments in a rapid
turn around fashion.

For example, one can
easily change aperture,
number of layers, type of
magnet, etc.

Try such things in a
cosine theta magnet!!!

Magnet Scientists dream of systematic, cost—effective and rapid




. BNL 12 T Nb3;Sn Common Coil
Superconducting Background Field Dipole

Magnet Division
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BROOKHFAMEN R&D on Common Coil Dipole
Superconducting at O'I'her' LGbS

Magnet Division

Lawrence Berkeley National Laboratory (LBNL) made a new world
record (14.7 T) for accelerator R&D dipole using common coil design.

Cosine Theta
Design

Common
Coil Design

In common coil design, Large Horizontal
forces don't create high strain on cable

Fermi National Accelerator Laboratory (FNAL) is workingona 11T
common coil dipole .
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SOOI, :
Magnet Design for V Factory

Superconducting
Magnet Division

Cold Mass Support Field Reduction Spacer .
Helium Passages

Cold lron Insert
Cold Mass Cail Insulator

Decay products clear s.c. coils
»Flat coils with open midplane gap

Minimize environmental impact
»High field magnets, efficient design

Simple racetrack coils
with large bend radii

Bx, By errors in the ends .
. Vacuum Vessel Cryostat Coolant Lines
get automatically cancelled ‘ woron  Het Shidd Inadling Vet

|:.=:.‘-B 8Om0

I I—.::-::Z— 1500.0
Norn?al Coils D (il One Coil
Dipole Skew Quad 12 & 172
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BROOKHFAVEN

™ ATy AT

NATIONAL LABORATORY

Interaction Region (IR) Magnets

Superconducting
Magnet Division

Interaction region magnets for the next generation colliders
can benefit a lot from:

[=] the ability to produce very high fields
[=] the ability to deal with large energy deposition
[=] the ability to operate at elevated temperatures that need not be uniform

— For these IR magnets, the performance,
not the material cost is the issue.
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BROOKHRAUEN | HTS Quad Design for LHC IR Upgrade

NATIONAL LABORATORY

Superconducting (ROCZTPOCk Coil Geometr'y)

Magnet Division

Gradient: 400 T/m; Jo =1 KA/mm?2, Jc ~ 4-5 kKA/mm?

OPERA MODEL
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BROOKHPAVEN LHC IR Dipole: Collared Coil

NATIONAL LABORATORY

Superconducting Support Structure (Preliminary)

Magnet Division

Open midplane for decay products to pass through without hitting the coils.
Open midplane
means no coil or
support structure;
otherwise
showers are
created which hit

NN NN T ifg},f,,,, N\ N
i\\‘\‘ NN the coil.
Bss: ~15T
Aperture:
H: ~90 mm
Decay products hit the external structure at 4K. V: 20 mm

The magnetic and mechanical designs will be optimized more after the
initial energy deposition calculations (NEWS FLASH: just completed).

Field quality is poor and the coils should be brought closer to midplane.
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BROOKHEVEN LHC IR Dipole: Another Concept

NATIONAL LABORATORY

Superconducting for Support Structure

Magnet Division

Dump IP shower in a
relatively warmer structure

}L (more efficient heat removal)

:Lﬂ T F N’J: y Cryostat (300K)

< Coldmass (4K)

| I Shield (80K
= = L/L@ Hoat Shield (30K)

Q Vacuum Space

\
| r‘ _ 4 L \Superconducting coils

Warm Iron Design
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'BROOKHFAVEN

T

Energy Deposition Calculations

Superconducting
Magnet Division

Energy deposition at various axial position along the axis

Computed by Nikolai for a Luminosity of 103° (10X over present design)

F’h ﬂ.ll_4|“1-. .

hh&mi;’

R e L

@Middle (z=>5m-5.2m)  G70% (z=>7m-7.2m) @End (z=>9.8m-10m)

Peak power density in the superconducting coils is only 1-1.3 mW/qg, i.e.,

below our current quench limit of 1.6 mW/g even at 103 luminosity!!!
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BROOKHRMEN | Construction and Test Results from HTS
Technology Development Program at BNL

Superconducting
Magnet Division

Next Few Slides will Show:

* Results of HTS Tape and Cable Tests

« Construction and Test Results of HTS Coils and R&D Magnets

Please see the tape and cable being distributed

&

&
3y
e

qe
2%

-

HTS T 10+ kA HTS Rutherford Cable
ape BNL/LBL/Industry collaboration

HTS Wire
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BROOKHPAMEN | Measured Performance of HTS Cable and

Superconducting Tape As A Function of Field at BNL

Magnet Division

Measurements of "BSCCO-2212 cable” 500
(Showa/LBL/BNL) at BNL test facility

400
The latest cables are ~ 3x better extrapolated
than the one shown below. 300 |
These new cables can carry 5-10 kA < &”\n\j\
current at high fields! 200 -

\/ 100 | | BSCCO 2223 Tape Test

(self field correction is applied)

O T T T T T T

0 1 34 56 7 8 9 10 11 12 13
Field (T)

~ Measurements of "BSCCO 2223
tape”“wound at 57 mm diameter

with applied field parallel (1uV/cm
=00 BSCCO 2212 Cable Test [ Cr-|-|'er\|0n)

i 2 3 4 s & 1 (field perpendicular value is ~60%)

H,T
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BROOKHFAVEN .
national LaBoraTORY | BNL Measurements Of Various Cables ff‘Oﬂ'\ Showa

Superconducting (Note: Continuous progress in cable performance)

Magnet Division
Extrapolated 4 K performance of 20 strand cable (#5) (wire dia=1 mm) :

~5 kA at high fields and ~9 kA at zero field

400 - Ic as a function of T in various Bi2212 cable from Showa
350 (without self field correction)
— 6able 5 (1 mm)

T 300 A Cable 4 (1 mm)
t\J Cable 3 scaled to 1mm
>=L 250 - — =%~ — Cable 3 (0.8 mm)
‘: Cable 1 scaled to 1mm
g 200 - — -0 — Cable 1(0.8 mm)
£
z 150
S 100 | .

Test Dates:
Cable 1: 06/00 | 90 °
Cable 3: 01/01
Cable 4: 07/01 0

Cable 5: 11/02 55 60 65 70 75 80
T (K)
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BROOKHRVEN | Tmprovement in Tc of BSCCO-2212

NATIONAL LABORATORY

Superconducting Cable fr'Om Showa

Magnet Division

Note the improvements both, in the absolute value and in the spread.

6.0 6.0 T[T [I[] SR
. o2
5.5 1 5.5 || Cable obtained i
—=—10 Cable obtained now (Feb. 03) i
901 1 o o ~2 years ago 5.0 e
o 8 451~ Tum-1 ‘
- 4.0 N ——7 4.0 + +Tum—2 ‘4.‘.
£ ‘
§ 3.5 %o 6 KL = 3.5 + —* Turn-3 J*
= - % -5 sections 8&9 ‘ 2 e Turn.d */‘
o 3.0 - are the worst ~ 3.0 M
S > —— Turn-5
= 29 2.5 | .
> -
20 - >0 Turn-6
—=—Turn-12 #
1.5 - 1.5 i
1 pViem Turn-13 1 uVicm
1.0 | : 1.0 i
V¢ | —— Turn-14 71
] K % /X sections 4&5
0.5 A;."_.-" L‘/A( are the best 0.5
0.0 o= o xxx*’iwx 0.0 \

56 58 60 62 64 66 68 70 72 74 76 78 80 >80 84 88 92 96 100 104 108 112
Temperature (K) T, K
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BROOKHFVEN . .
wnonat torsiont! Commeon Coil Magnets With HTS Tape

Superconducting
Magnet Division

NOTE:
This coil package is
very similar to the

one that is required
for the RIA Quads.

P 4 4 A coil being wound with
M, N HTS tape and insulation.

20 ASC Common-Coil Magnet4.2 K
HTS tape coils at BNL 16 1| 2~ loar Soctonotcot#1.
Size, mm Turns ‘;E" | | ----Outer Section of Coil #1

Nb,Sn 02x3.2 168 z
IGC 0.25x3.3 147 AR
ASC  0.18x3.1 221 e
NST 0.20x 3.2 220 - § i
VAC 0.23x3.4 170 057

Two HTS tape coils in f ]

common coil configuration | emTm—et CumentA

210 230 250 270 290 31(
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AFT AT A TY T

Lo e | First HTS Coil Wound by Hand
uperconducting

Magnet Division

I /
Wl I /

Al Bobbin (70 mm radius)
(also used, Fe, SS and brass bobbins)
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BROOKHFAVEN

NATIONAL LABORATORY

Superconducting

The first HTS Common Coil Test Magnets
(Two HTS Coils in Support Structure)

Magnet Division

Coils are heavily instrumented. There
is a voltage tap after each turn. Data

were recorded from all 26 voltage taps.

Coils are assembled for the most
flexible and extensive testing. Four
leads are taken out of the cryostat.
During the test the coils were powered
separately and together in “common
coil” and “split-pair solenoid mode”.

Two Hall probes (between the two
coils and at the center of two coils)
also recorded the central field.

—

LB

!
i
;



T AT ™ T

NATIONAL LABORATORY

Superconducting
Magnet Division

Performance of Coil #1 and Coil #2 in Common
Coil Test Configuration in Magnet (DCC004)

Voltage difference between each consecutive turn and on each coil

13 -
1.2 | HTS Coil #2 in Common Coil Configuration
2 : _
' ' A _ 1.1 !
1.8 A Turn#10 o Turn#9 0o 1 A Turn#0 o Turn#9
2 e L
Turn#8  x  Turn#7 B = = o Turn#8 = Turn#7
1.6 g o * 0.9
b - Turn#6 + Turn#5- : o = 0.8 + Turn#$ + Turn#s-
3 -
o Mid-SS  x Turn#4- 2 f.’) g 07 o Mid-SS % Turni4-
(%]
£ e s Turn#3 A Turn#2 E g S 06 x Turn#3 o Turn#2
(&] = |
> : 0 Turn#l —e— Coil#1 'g- g 0.5 o Turn# —o—Whole coil
2 08 - e |5 =2 04 | _ _ : _ il
: 0.3
0.6 - 0.2
0.4 0.1
0.2 0
0 3 -0.1 "
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 800 900
I(A) I(A)

Measurements in HTS Magnet DCC004 at 4.2 K
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BROOKHEUEN | Magnet DCCO06: The 2" HTS Dipole

Superconducting (Magnet No. 6 in the common coil cable magnet series)

Magnet Division

A versatile structure to test single or
double coils in various configurations

/

Heaters on the magnet to make
controlled change in magnet temp

4 thermomleters on the coils

| &l

HTS Cable Leads to make

high temp measurements

VA

74 mm aperture to

measure field quality
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BROOKHRAUEN Measured Critical Current as a
Superconducting Func'ﬁon of Temper-afur-e

Magnet Division

This temperature dependence characteristic is very relevant to RIA Application.

200 & & Half Coil #1 45
\\\ 0
180 ®m Half Coil #2 35 |
160 = A Half Coil #3 30 \t\

25
140 X\X \ X Half Coil #4 20 -

r— 15
g 120 \ \ 10
100 ﬁ\-\'\ N ; | | \
@ 80 Q \ \\ 45 50 55 60 65
40
20
0 ‘
5 10 15 20 25 30 35 40 45 50 55 60 65
Mixed strand cable T(K) 4 coil halves
(2 BSCCO 2212, 16 Ag) (2 each of two coils)
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™ T

NATIONAL LABORATORY Cor'r‘ela'rion be.rween TC Oﬂd IC

Superconducting

Magnet Division
24 T.and I, Correlation @ 4.2 K and 55 K
73
72 7 >

71 // /
4.2 K pd
70 = >§,>//
X

69 / 55K
68 | =™ X

67 | »
] X
66 | d

65 1 § X

64
63 Mix strand cable test, BNL 12/00

Te (K)

62

0O 20 40 60 80 100 120 140 160 180 200 220 240 260
lc (A)

The cable with better T also had better |_
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NATIONAL LABORATORY HTS Coil Tes* Magne.'. #3

Superconducting
Magnet Division

*The HTS coil is made
with all HTS strand cable

*A hybrid magnet made
with three coils (one HTS
and 2 Nb;Sn); Nb,;Sn
colls provide background
field on HTS Coll.

*Vary current in Nb3Sn
coils (producing
background field) to
study HTS caoll
performance at different
field level.
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BROOKHEVEN | Performance of HTS Coil in the
Superconducting BGCkgf’OU"d Field Of Nb3SN COilS

Magnet Division

Measured electrical Resistance of HT'S coil
in the background field provided by various Field in various coils
Nb3Sn coils in the magnet DCC008R

. Nb,Sn HTS  Nb,Sn

10.00 [
e0A Short sample
definition for HTS
* 3000 A
|
A 6000 A l .
s T
1.00 -
F | m9000 A LI PR
E .-‘-.»‘ -‘.“ Y
9 LI U B
= 'y &
=1 LU
frf & ’,-’ K
ok . »
0.10 ; !‘l_x v .
i g o
A
Mg
] * nponent. BMOD
3159785 1891543
o9 ———mms—+—4p—r———————
0 400 300 1200 1600 2000 2400
L A
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BROOKHEVEN Performance of HTS Coil in the

NATIONAL LABORATORY

Superconducting BGCkground FiC'd Of Nb3$N Coils

Magnet Division

3.5 Performance of HTS cable in coil (before and after winding)

DCCO008R —0—Ic,kA - -m - Iss(kA)
— % I(Nb3Sn)=9KA = I(Nb3Sn)=6kA
—+—I(Nb3Sn)=0kA —+— I(Nb3Sn)=3kA

3.0

Ic Before Winding

INo3sn=0kA

0 0.5 1 1.5 2
H(T)

4

The background field on HTS coil was varied by changing the current in
“React & Wind” Nb,Sn coils (HTS coil in the middle and Nb,;Sn on either side).
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NATIONAL LABORATORY H |'s Magne-'- #4

Superconducting
Magnet Division

« HTS Magnet #4 is being tested right now.

* The HTS cable is expected to carry several thousand Amps.

Ramesh Gupta, BNL, High Temperature Superconductors in Future Accelerator Magnets, NSCL, 5/28/03  Slide No. 49



NATIONAL LABORATORY SUMMARY

Superconducting

Magnet Division

« HTS can make a significant impact in certain applications

- HTS magnets can operate at elevated temperature which need
not be controlled precisely.

- HTS magnets can generate very high fields.

« HTS have reached a level that one can do meaning magnet
R&D to address various technical issues
- The recent test results from Brookhaven are encouraging.
- HTS offer a potential of good technical and economic operational
solution for RIA fragment separator quadrupole triplet.
 The next step

- Examine the impact of large dose of radiation on superconductor
and insulation material.

- Prove HTS magnet design & technology by building a test magnet.
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