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A simple cylindrical magnetic cloak
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Project Timeline
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The superconducting layer
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SC Tape
(SuperPower)
12 mm wide
Ic > 420 A



Basic tests of superconductor tape
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SC tape performance at high fields
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BC1 ~ 20 mT
BC2 > 500 mT

100% shielding



Multiple SC layers improve shielding
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Linear extrapolation:
95% shielding (500 mT) with 36 layers (8 mm SC + 2 mm Kapton)



Superconductor wrapping options
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Field disturbance around SC cylinder
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Permeability of 302 stainless steel foil
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Cold working 302 stainless steel
foil is not practical for us

R1

R2

302 foil

R1 = 17.5 mm

perfect
cloak



An alternative ferromagnetic layer
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430 Stainless Steel (µr ~ 800)
Aluminum (µr = 1) Kapton (µr = 1)
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Permeability of 15 layers of 430 
stainless steel powder / Kapton
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R1

R2

302 foil

15 layers
430 / Kapton

R1 = 17.5 mm R2   = 21 mm

perfect
cloak



Field disturbance around FM cylinder
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Near-total Cloaking Achieved!
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x

x
x> 80% of SC field

disturbance cloaked!
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Soon: Measure cloak effect in ‘big solenoid’

Homogeneous
field up to 0.5 T



Soon: Test magnetic field shielding in accelerator
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Switcher magnet

7m

Van de Graaff
1.3 m

10 MeV p

shield
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FIG. 5. Setup schematic (not to scale)

• Wall depolarization of atoms inside EBIS. This is

thought to be low because of the low probability of

depolarization in a wall collision.

IV.1.1. Charge Exchange

It is important to investigate charge exchange because
3
He

+
has a free electron which can depolarize, and then

cause the nucleus to depolarize via hyperfine coupling.

If a
3
He

+
and a

3
He

++
ion undergo charge exchange,

depolarization can propagate to the
3
He

++
ions.

We approximate the rate of charge exchange as

ρ1ρ2v̄σV , where ρ1, ρ2 are the densities of singly and dou-

bly ionized
3
He, v̄ is the average velocity, σ = 10

−16
cm

2

is the charge exchange cross section, and V is the volume.

We approximate the densities as both being 3×10
7
cm

−3
,

which implies 1% of the gas being ionized. Then the rate

is

(3× 10
7
cm

−3
)(3× 10

7
cm

−3
) · 105 cm s

−1

×10
−16

cm
−2 · 3× 10

3
cm

3

= 2.7× 10
7
s
−1

≈ 3× 10
7
s
−1

Since the rate of ion extraction is approximately

10
12

s
−1

, it is thought that even if singly-charged ions

depolarize and undergo charge exchange, the effects will
be small.

IV.2. Processes in Pumping Cell and in Transport
to EBIS

IV.2.1. Magnetic Field Gradients

The fringe fields of EBIS are on the order of 10
−1

Tesla

(1000 Gauss), which is strong enough for polarization.

However, they contain strong gradients. A strong trans-

verse magnetic field gradient can cause depolarization if

it appears to oscillate in the particle’s rest frame near the

Larmor frequency [13]. The polarization relaxation time

of the
3
He is related to the strength of the transverse

magnetic field gradients by the equation [13]:

1

τ
=

2

3

|∆Bt|2

|Bl|2
�v2� τc

ω2
0τ

2
c + 1

where for our system, ω0 = 3.24 |Bl| kHz/Gauss and

τc ≈ 2.2× 10
−7

p
−1

, where p is in torr.

IV.2.1.1. Gradients Along Transfer Line The opti-

mal way to transfer the
3
He atoms into EBIS would be to

align the transfer line along a magnetic field line, however

this is not always possible due to the EBIS configuration.

The internal transfer line in EBIS from the entry port to

the electron beam has two straight sections connected

at a right-angle. Depolarization there was calculated to

be negligible, especially given the small time each atom

spends in the transfer line.

IV.2.1.2. Gradients In Pumping Cell Since a longi-

tudinal field is necessary for polarization, the pumping

cell is aligned along a field line in the EBIS fringe field;

however, there are transverse field gradients. In order to

correct this, a rectangular coil is placed on the same axis

as the pumping cell. Thus the longitudinal direction of

the field is maintained, as is the approximate magnitude

Potential Cloak Use In Polarized 3He 
Ion Source at BNL?

18

Depolarization due to transverse magnetic field gradients 
➙ Need correction coil OR magnetic cloak

Transfer Line

EBIS Solenoid

Pumping Cell

Preliminary id
eas based on 

discussions with C. Epstein 

and R. Milner from MIT



Budget Request FY15
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Item Cost Estimate [$]

High-temperature superconductor tape 24,000

Liquid Nitrogen supplies 1,000

Total 25,000

Overhead (indirect) 14,500

Total Request FY15 39,500



Preliminary Budget Request FY16
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Item Cost Estimate [$]
Post-doc salary (3 months) 

+ fringe benefits
12,500 
+ 5,500

Graduate student salary (1 year) 
+ fringe benefits

25,000 
+ 8,000

Low-temperature Superconductor 10,000

Liquid Helium supplies 5,000

Total 66,000

Overhead (indirect) 30,000

Preliminary Request FY16 96,000
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Summary

Successful construction and test of our first 
complete magnetic cloak prototype. 

Evaluation of shielding at higher fields and 
fabrication of ferromagnetic layer ongoing.

Excellent opportunity for students
to collect laboratory experience. To be continued...



ADDITIONAL SLIDES
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SC cylinders show worse magnetic field 
shielding performance than the tape itself
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More detailed
investigation ongoing



Goal: Measure particle momenta with 
dipole + tracker close to beam pipe
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• Shield fields up to 0.5 T
• No outside field disturbances
• Thin, > 1 m long

Magnetic Cloak:



Measuring field around superconductor
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4 layer ‘vertical’



Field disturbance measurement setup
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COMSOL model of the cloak in a 
dipole field

M

Fe yoke

0 T

1 T

z = 0 mm



Testing the simple magnetic cloak
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calculation measurement

Fedor Gömöry et al.
DOI: 10.1126/science.1218316
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y ferromagnetic (FM)
superconducting (SC)



Our HT Superconductor Tape
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Type II superconductors
B⊥

T

Bc1

Bc2

Tc

B

B

B


