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Extremely high radiation, levels with accumulated doses comparable 
to those in nuclear  reactors than in accelerators, and very high heat 
loads (~15 kW) make the quadrupole magnets in the fragment 
separator one of the most challenging elements of the proposed Rare 
Isotope Accelerator  (RIA). Removing large heat loads, protecting the 
superconducting coils against quenching, the long ter m survivability 
of magnet components, and in par ticular , insulation that can retain 
its functionality in such a harsh environment, are the major  
challenges associated with such magnets. A magnet design based on 
commercially available high temperature superconductor  (HTS) and
stainless steel tape insulation has been developed. HTS will 
efficiently remove these large heat loads and stainless steel can 
tolerate these large radiation doses. Construction of a model magnet 
has been star ted with several coils already built and tested. This 
paper  presents the basic magnet design, results of the coil tests, the 
status and the future plans. In addition, preliminary results of
radiation calculations are also presented.
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RIA f rom 

NSCL Web Site

BNL/NSCL Collaboration:
We propose HTS quadrupoles for 
the fi rst three magnet elements in 
the RIA Fragment Separator. 
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Magnetic elements (quads) in fragment separator reg ion will live in 
a very hostile envi ronment with a level o f radiation and  energy 
deposi tion never experienced by any magnet system befo re.

Room temperature, water cooled 
copper magnets produce lower 
gradient and/or lower aperture, 
reducing acceptance and making 
inefficient use of beam intensity. 

ØBeam loses 10-20% of its 
energy in production target, 
producing several kW of neutrons.
ØQuads are exposed to high 
radiation level of fast neutrons.

Basically, we need “radiation resistant” superconducting quads, that can 
withstand large heat loads. There are many short and long time scale issues!

The Rare Isotope Accelerator  is a proposed major  facility in United 
States for  research in Nuclear  Science. I t will produce copious 
amounts of rare isotopes when a high-energy heavy ion beam hits 
the target. The Fragment Separator  will then select a par ticular
isotope and transpor t it to an exper imental area. For optimal 
capture efficiency, superconducting magnets are required in at least 
the first focusing quadrupole tr iplet of the separator . These magnets 
are one of the most challenging elements in the RIA proposal, as
they are exposed to several orders of magnitude more radiation and 
energy deposition than typical beam line and accelerator  magnets
receive dur ing their  entire lifetime. The first quadrupole itself is 
subjected to ~15 kW of energy deposition.
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• HTS Quads  can operate at  a higher 
temperature (20-40 K instead of  4K). Higher 
operating t emperature makes  large heat 
removal (few hundred kW) more economical. 

• In HTS magnets , the control of  operat ing 
temperature can be relaxed by an order of 
magnitude. This  s impli fies  c ryogenic  system.

• A warm iron yoke brings a major reduction 
in amount of  heat to be removed at lower 
temperature.

• The coils are moved outward to signif icantly 
reduce the radiation dose.

• Insulat ion is a major issue. We plan to use 
stainless steel which is radiation res is tant.

Coi ls inside  the cryostat at th e end o f the mag net

Co il

C ryo stat 
(co il  in side)

Yo ke
(wa rm i ro n)

Pole in serts

(w arm i ron )

Requirements: ~3 T field, operat ing at >20K. 

? Can be achieved wit h the commercial HTS.
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Two double pancake NMR 
coil s, one wi th kapton
insulation and the other with 
stainless steel. 
S.S.  is an insulation as 
compared to superconductor

BNL has successful ly tested several HTS coil s made wi th BSCCO 2212 and BSCCO 2223 
tape. A unique and very pertinent feature of these coi ls is the successful use of stainless steel  
as the insulation material between turns which provides a highly radiation resistant coil .

Fig. 1.  Neutron yi eld as  a func tion of s oli d angle. 
The large drop as  a funct ion of  angle i ndic ates the 
benef it of  developing designs where the c oils are 
plac ed away  from the magnet c enter.
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This study is a 
part of NSCL/BNL 
collaborations. 

A relatively small and controlled dose of  radiation brings enhancement  in Jc from radiation.
However, given the amount  of dose relevant to this application, Jc is expected to go down. Need 
to determine that  experimentally,  even though the design is optimized to minimize the effects.

Need to study 
radiation damage on 
HTS from a large 
dose (few kW) of 

~500 MeV neutrons.
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Ø As compared to the conventional Low Temperature Superconductor 

(LTS), the critical current density (Jc ) of High Temperature 

Superconductor (HTS) fal ls slowly as a function of temperature.

ØThe magnet system benefits enormously from the possibility of magnets 
operating at elevated temperature (20-40 K instead of conventional ~4K). 

Ø HTS can tolerate a large local increase in temperature in 

superconducting coils caused by the decay particles. 

Ø Moreover, the temperature need not be control led precisely. The

temperature control can be relaxed by over an order of magnitude as 

compared to that for present superconducting accelerator magnets. 

An Earlier Design
(5 cm good field radius)

Current Design
(14 cm good field radius)

An OPERA2d model of the 280 mm 
aperture super-ferric quadrupole design 
for RIA with field lines and field intensity 
in coi l  and iron regions. 

An OPERA3d model of the 280 mm aperture 
super-ferric quadrupole design for RIA. Col or 
indicates the field intensity on the surface of 
coi l  and iron regions. The above model shows 
only one symmetric half the complete magnet.

An OPERA3d model of the magnetic mirror 
design. Color indicates the field intensity on 
the surface of coi l  and iron regions.

Magnet Construction

A coi l  is being made by co-winding HTS tape (on 
right) and stainless steel insulating tape (left). 

A racetrack HTS coi l  co-wound with stainless steel 
insulating tape. 

RIA HTS coi l  test assembly and test set-up. The coi ls were 
tested in l iquid ni trogen (simple test set-up for 77 K test) 
and in l iquid hel ium (4.2 K).
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Coi ls@4.2K
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Test Results

TABLE  I 
MEASURED CRITICAL CURRENTS (A) IN THE SELF-FIELD OF THE COIL(S) 

 Coil  1 
(alone) 

Coi l 2 
(alone) 

Coil  1 
(with coi l2) 

Coil  2 
(with coi l1) 

Ic(0.1 mV/cm, 77K) 53 54 41.8 42.2 
Ic(1 mV/cm, 77K) 62 65 50.5 51.5 
Ic(0.1 mV/cm, 4.2 K) 419 433 364 372 
Ic(1 mV/cm, 4.2 K) 443 463 384 398 

 

Coils@4.2K, each powered alone

0.01

0.1

1

415 417 419 421 423 425 427 429 431 433 435 437 439 441 443 445 447 449 451 453 455 457 459 461 463 465

Curren t  (A)

C
o

il 
V

o
lt

a
g

e
 (

mm mm
V

/c
m

)

Coil #1 (powered alone)

Coil #2 (powered alone)

Expon. (Coil #1 (powered alone))

Expon. (Coil #2 (powered alone))

The first quadrupole magnet in the RIA Fragment Separator 
(FS) is subject to considerable radiat ion from the production 
target. The beam will lose 20-50%  of 400 kW (maximum 
beam power) in the production target located directly in front  
of the first quadrupole, result ing in copious amounts of 
penetrating radiat ion directed at this magnet. There is a 
tungsten shield between the target and the coils. The model 
calculat ions show that the tungsten shield is subjected to a 
heat load of 28 mW/cm3 (total load 3.3 kW), iron 25.3
mW/cm3 (total load 9 kW), and HTS coils 5.1 mW/cm3 (total 
load 135 W). This clear ly shows the benefits of a warm iron 
design. One major concern is the neutron flux. M ore data is 
needed to determine the acceptable dose of high-energy 
neutrons on HTS coils. 

Radiation Calculations

Conclusions
HTS magnets with stainless steel tape insulat ion offer  an 
efficient solut ion to the challenges posed by the extremely 
large radiat ion and heat loads in RIA. However, this 
technology has never been used in part icle accelerators 
and hence needs to be demonstrated with a few years of 
signif icant R& D effor t. I f successful, it offers a unique 
technology for  radiat ion resistant superconducting 
magnets that can tolerate high heat load loads. 


