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ABSTRACT: A method for designing cylindrical hollow superconducting shields for cryogenic
measurement devices operating in background fields of 1 T is proposed. The shield design is based
on MgB2 composite, manufactured by the reactive Mg liquid infiltration process [1]. The MgB2

composite allows low-cost shields with good mechanical resistance to be realized easily. The geo-
metrical design is benchmarked by the experimental characterization at 4.2 K. A design case study
for the shield of a cryogenic DC current transformer is reported. Design results show a shielding ef-
ficiency of 70% for both the axial and radial components, with prospective measurement accuracy
up to 10 ppm on 100 kA.

KEYWORDS: Instrumentation for particle accelerators and storage rings - high energy (linear ac-
celerators, synchrotrons); Accelerator Subsystems and Technologies; Special cables; Accelerator
Applications

1Corresponding author.

c© CERN 2014, published under the terms of the Creative Commons Attribution 3.0
License by IOP Publishing Ltd and Sissa Medialab srl. Any further distribution of this

work must maintain attribution to the author(s) and the published article’s title, journal citation and DOI.
doi:10.1088/1748-0221/9/04/P04020

mailto:pasquale.arpaia@cern.ch
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1088/1748-0221/9/04/P04020


2
0
1
4
 
J
I
N
S
T
 
9
 
P
0
4
0
2
0

Contents

1 Introduction 1

2 Design of a superconductign cylindrical annulus for shielding applications 3
2.1 Axial shielding 3
2.2 Radial shielding 5

3 Experimental characterization of MgB2 hollow cylinder in radial field 6
3.1 Measurement set-up 7
3.2 Measurement results 7

3.2.1 Reference position 7
3.2.2 Rotaded position 9
3.2.3 Discussion 10

4 Case study: cryogenic DC current transformer 11
4.1 Axial design 12
4.2 Radial design 12

5 Conclusions 13

1 Introduction

Nowadays, at liquid Helium temperature, Type-II superconducting alloys exhibit critical current
density of the order of hundreds of kAcm−2 in a magnetic field of several T. This is a key factor for
shielding DC magnetic fields effectively. However, for the shielding efficiency, the geometry plays
a crucial role.

Shielding properties of Type-II superconductors can be exploited in a variety of ways: field
shaping [2, 3], field concentration [4], measurement devices [5, 6], and interfering field suppres-
sion [7]. For the last category, the superconductor can work according to the field level either in
the Meissner or in the mixed state [8]. In high-field environment, superconducting shield plays a
crucial role to improve sensor performance [10].

In ref. [10], the design of a cryogenic sensing element for DC current measurements up to
100 kA (e.g. DC current transformers, DCCTs [11]) is proposed. This device is conceived to op-
erate at 4.2 K for a maximum background field of 1 T. Disturbance fields as higher than hundreds
of mT affect the accuracy of the DCCT significantly. The stringent requirements of 1 T can be
addressed with a multilayer ferromagnetic shield [12]. However, this constrains the device band-
width, because the multilayer has a bigger size affecting the equivalent inductance [10]. In the
DCCT design [10], a cylindrical superconducting magnetic shield (owing to the favourable tem-
perature of operation), combined with a pure iron thin shell (2 mm thick), is exploited. From this
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point of view, the shielding efficiency results from the iron’s action (up to 0.3 T), combined with
the hollow superconducting cylinder for the full range from 0 to 1 T. Thus, the superconducting
cylinder has to guarantee an attenuation of 70% for external fields of 1 T. Further benefits from this
development could be exploited in the design of other cryogenic current meters, such as in ref. [13],
where the desired field attenuation is achieved in two steps, namely by a shell of PbBi for field up
to 0.5 T, and a coil of NbTi, soldered on the top of the shell, up to 1.5 T.

Among the available superconducting materials, the choice of a NbTi-based composite repre-
sents a well-established solution for shielding applications. As an example, the performance of the
NbTi/Nb/Cu multilayer sheet [14, 15] seems to lead to an easy realization of the cylindrical geom-
etry needed for a cryogenic DCCT. In ref. [15], the shielding efficiency of a cylinder manufactured
by deep drawing a 1-mm thick sheet is shown to reach almost 100% for fields below 1 T in parallel
configuration. Moreover, the material is a multilayer composite, thus overlapping or wrapping a
thinner sheet does not affect performance [15, 16].

However, drawbacks arise from the shield realization. For a typical configuration of 140 mm
of inner diameter for the cylindrical annulus to be produced [10], with maximum available sheet
dimensions of 130 mm × 2000 mm × 0.2 mm, at least 5 sheets have to be overlapped. Prohibitive
problems arise from (i) wrapping the sheets around the DCCT, (ii) keeping tightened the assembly,
and (iii) avoiding discontinuities among the layers. Therefore, beyond the shielding efficiency, new
requirements for the superconducting material are imposed. Customization of the manufacturing
process to produce the required object geometry is the main requirement, and mechanical stability
of large parts complements the specification. Indeed, the NbTi/Ni/Cu composite has a complex
fabrication process, where costs impact on the product, and customization is not available.

In ref. [17], the effectiveness of MgB2 cylinders as passive magnetic shield at 4.2 K was
proved. The applied field, parallel to the cylinder axis, was raised up to 2 T, without detecting
signal outside the resolution of 10 µT of the Hall probe. During the field ramp down, any trapping
is experienced and the perfect shielding condition is still respected. Moreover, the hollow cylinder
can be easily manufactured via the process of Mg liquid infiltration (Mg-RLI) [1]. A sintering
technique allows also large objects to be produced (e.g. rings, cylinders, tubes, rods etc.) [18].

The literature treating the topic, either theoretically or experimentally, of cylindrical super-
conducting magnetic shield is vast. The efficiency of hollow cylinders in external field parallel
to the cylinder axis is investigated deeply. In such an operating condition, superconducting ma-
terials show an efficiency approaching 100%, for field up to few T. But, for transversal fields,
the efficiency decreases because the demagnetization factor of the cylinder changes in some ex-
tent [19, 20]. Moreover, trapped flux produces a further performance loss. These are issues of
major concern to design a cylindrical shield for the aforementioned cryogenic application mea-
surements with efficiency of 70% for this radial field configuration.

In this paper, a method for designing a MgB2 superconducting cylindrical shield for cryogenic
measurement applications by paying specific attention to the transversal field is proposed. In par-
ticular, in section II, the design process for shielding longitudinal and transversal fields is detailed.
In section III, the experimental characterization of a sample cylinder is illustrated and the results
are exploited to test the design procedure. Thereafter, in section IV, the case study concerning the
design of a MgB2 shield for the cryogenic DC current transformer is outlined. It is shown that
the designed MgB2 cylinder with a suitable shield sizing can allow the target requirements of 70%
efficiency at 1 T in both axial and radial excitation.
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2 Design of a superconductign cylindrical annulus for shielding applications

The design of a hollow superconducting cylinder for shielding applications is aimed at identifying
its geometrical dimensions for the desired efficiency at a maximum field level. Ideally, a supercon-
ducting cylinder immersed in an external magnetic field is capable of compensating the field inside
its volume by generating supercurrents on its external surface. In this regards, the incident field can
be decomposed in an axial and a radial component, parallel and orthogonal to the cylinder axis,
respectively. These field components are counteracted by corresponding supercurrents with differ-
ent paths that can be considered as superimposed separately (the reader can image two overlapped
layers of surface currents). For the axial field, the cylinder can be modeled as a solenoidal coil [17–
21], where the current is distributed on the surface uniformly. For the radial field, the supercurrents
can be modeled as a series of symmetrical current loops distributed on opposite surfaces obtained
by cutting the cylinder in half along its axis [22].

According to this model and to the tolerances on the volume to be shielded, the design can be
split into two main steps:

1. Determine the dimensions inside the tolerances of volume to be shielded effectively from the
axial field;

2. Adjust the dimensions in order to achieve the shield target also for the radial field.

For both the steps, the critical current density Jc of the superconducting material is to be estimated,
at the required field level and for a given temperature, by corresponding models for axial and radial
shield design.

2.1 Axial shielding

In a superconducting cylindrical annulus A immersed in the axial magnetic field BExt is illustrated.
The annulus is modelled as a solenoidal coil of height 2h, with an average critical current density
Jc distributed uniformly along the cylinder radius r0, and effective thickness teff for the screening
currents (the equivalent internal radius of the solenoid is r0− teff). The goal of the axial shield
design is to identify the height and the wall thickness r0− ri of the annulus, in order to guarantee
the required shielding efficiency in the internal volume to be shielded (the coaxial inner cylindrical
annulus Γ in grey in figure 1). The dimensions of Γ are the internal r′ and external r′′ radii, and
the height 2h′. For the axial shield design, the well-known results from the analysis of the field
generated by a solenoidal coil are exploited [21]. The design is summarized by the following
iterative procedure (figure 2):

a) Given the Jc value for the maximum external field BExt and the minimum dimensions for A
(h,r0, and ri):

1. Estimate teff according to the expression of the “field factor” in the central point of the
cylinder by imposing B0 =−BExt:

B0 = JcF (α,β )(r0− teff) (2.1)

where F is the field factor of the solenoid, α = ro/(ro− teff), and β = h/(ro− teff)
geometrical parameters; this allows to verify if the thickness of A is wide enough to
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Figure 1. Solenoidal behavior of a superconducting cylindrical annulus responding to a longitudinal external
field BExt.

support the screening currents for zeroing the external field at its center; conversely, the
annulus dimensions have to be adjusted.

2. Assess the field in the axial positions z = ±h′ in order to evaluate if the attenuation
of the produced central field along the axial direction does not lead to a shielding effi-
ciency below the target;

3. Assess the field in the radial positions r′ and r′′ to evaluate analogously the attenuation
in the plane x,y.

The equations underlying steps 2, and 3 are [21]:

h1

(
z
ri

)
= 1+E2 (α,β )

(
z

rint

)2

(2.2)

h2

(
r
ri

)
= 1− 1

2
E2 (α,β )

(
r

rint

)2

+
3
8

E4 (α,β )
(

r
rint

)4

(2.3)

where r is the radial coordinate, E2 and E4 are functions of the geometrical parameters α and
β and rint = (ro− teff).

Eqs. (2.2) and (2.3) define the ratios between the axial components of the field, as a function
of the height on the z-axis or the distance r from the center inside steps 2 and 3, respectively.
In particular, in (2.2) and (2.3), only the first terms of an infinite series, arising from the
ratio between the field expansion in spherical coordinates for a solenoid along the z- and r-
axis and the field at its center, are taken into account. Higher-order terms are not considered
because this approximation already provides satisfactory results.
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Figure 2. Procedure for axial shielding design.

b) If the results from a) lead to a shielding efficiency not lower than the target, the design is
validated (figure 2); otherwise, the parameters h, r0, and ri are adjusted until the required
efficiency is achieved. If the geometrical dimensions of cylinder exceed the maximum, the
design is not feasible.

2.2 Radial shielding

For the radial design, an equivalent cylinder has to be considered by reducing the external diameter
by the effective thickness of the axial shielding currents. Then, this geometry must be verified as
capable of carrying the required currents. If not, the dimensions have to be adjusted by a model for
the shielding currents in transversal configuration.

According to ref. [22], the response of a superconducting cylinder to transversal fields is the
generation of several opposite, symmetrical current loops (figure 3). Each loop has two paths
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Figure 3. Typical opposite current loops (in gray) on a superconducting cylindrical annulus exposed to the
radial external field BExt [22].

parallel to the cylinder axis and two coaxial paths describing an arc. The loop is characterized by
the height L, the aperture angle φ , the widths ∆s and ∆l, and the thickness ∆r.

For the sake of the simplicity, the design assumes two loops with φ equal to 45◦ degrees, L
equal to the height of the considered cylinder, ∆r equal to the half of the available thickness, and
∆l = ∆s. The field generated in the cylinder can be calculated using the Biot-Savart law [22, 23]
along the external perimeter of the loops (discretizing the boundary as a superposition of straight
segments). Thus, given a constant current density, the equivalent cross section surface of the cur-
rents is estimated as the ratio I/Jc, where I = Jc∆r∆s is the current flowing into the loop. By
assuming ∆r as constant, ∆s represents the loop width required to sustain the desired field. If this
length is compatible with the geometry of the cylinder, the model assumption can be considered
valid: a weighted series of loops overlapped on the radial direction will generate a uniform field at
a constant distance from the center.

3 Experimental characterization of MgB2 hollow cylinder in radial field

The proposed design procedure of a sample hollow cylinder exposed to radial field was validated
experimentally. Moreover, measurements of shielding efficiency allow the capability of the MgB2

material of achieving the target to be assessed.

In the following, (A) the measurement set-up, (B), the experimental results, and (C) the dis-
cussion of the characterization of a MgB2 hollow cylindrical shield are illustrated.
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(a) (b)

Figure 4. Schematic of the measurements set-up: cross (a) and axial (b) sections.

3.1 Measurement set-up

In figures 4, the schematic view of the measurements set-up is shown. In the superconducting
cylinder (figure 4a), the axis z is disposed orthogonally to the external field Bext in order to assess
the radial shielding. Bext is generated by a superconducting solenoid capable of providing up to
11 T. The origin of the reference (x,y,z) is placed at the center of the solenoid’s field region with
higher homogeneity (figure 4b). The inner and outer radii of the cylindrical annulus are labeled
with di and do, respectively. Two high-sensitivity cryogenic Hall probes are mounted with the
sensing area perpendicular to the y-component of the cylinder internal field Bint, at the half height
h of the cylinder, and at distance ds from its wall (figure 4b).

The two Hall probes were previously calibrated, without the shield, with sensitivity factors of
173.4 mVT−1 and 169.6 mVT−1. A plastic support, with a thin ceramic strip to avoid stress at the
probes’ surface due to thermal contraction, is used for the superconducting material.

The sample MgB2 hollow cylinder has the height 2h of 40 mm, the inner diameter di of 56 mm,
and the thickness (do− di)/2 of 4.5 mm. The length ds is about 6 mm. In figure 5a, the sample
preparation for the cylinder of MgB2 is shown before its installation in the cryogenic insert. Once
the sample is connected to the cryogenic insert, the shaft is introduced in the warm cryostat where
the magnet bore is housed (figure 5b). The cool down by liquid helium is started to reach 4.2 K in
zero field condition.

3.2 Measurement results

Two sets of tests were carried out with the Hall probes placed (i) in reference position (such as
pointed in figure 4a), and (ii) rotated by 90◦ counterclockwise.

3.2.1 Reference position

In this test, the external field was ramped up and down from 0.0 to 1.2 T, but by cycling at
0.7 and 1.0 T. In the initial part of the test, the external field BExt is ramped from 0.0 T to 0.6 T
at 0.6 Tmin−1. In figure 6a, the radial field BInt measured by the Hall probes inside the MgB2
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(a) (b)

Figure 5. Sample cylinder of MgB2 before installation (a), and into the measurement set-up (b).

(a) (b)

Figure 6. Measured radial field (a) and attenuation ratio (b) for the Hall probes 1 (o) and 2 (*) inside the
MgB2 cylinder: (-) without shield (a) and (—) trapping limit (b).

cylinder is illustrated. The probes signals acquired at several plateaus of BExt do not exhibit signif-
icant time dependence. The full line represents the field without shielding. The difference in the
field measured by the 2 probes (o,*) could depend on a residual tilt angle. Figure 6b shows the
attenuation (or shielding) factor of the cylinder, i.e the ratio betweenBInt and BExt. An efficiency of
about 80% is achieved. The vertical dashed line highlights the boundary of the region without flux
trapping: the shielding factor is almost constant. This is highlighted in figure 7, where a base line,
calculated as linear fit of the data up to 0.6 T, is subtracted to the measured data of the probes.

In figures 8, the overall measurement set of the test as a whole from 0.0 to 1.2 T is displayed,
by distinguishing results of probe 1 (a) and 2 (b). In particular, the arrows mark increasing and
decreasing BExt. In the above-described first part of the test from point 1 to 2, the field is increased
up to 0.7 T. From point 2 to 3, a trapping of almost 10 mT is highlighted by the straight-line, owing
to the field ramp down to 0.1 T and up back to 0.7 T. Along points 4 and 5, the field is again
increased up to 1.2 T. At BExt = 1.0 T, the signals of the Hall probes are still time-independent
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Figure 7. Measured trapped flux in the MgB2 cylinder for external field up to 0.6 T, obtained by subtracting
the base line identified using the data up to 0.2 T.

(a) (b)

Figure 8. Measured trapped flux in the MgB2 cylinder for external field sweep up to 1.2 T: probe 1 (a) and
2 (b); the arrows highlight the ramp direction of the external field.

without any penetration phenomena. From the initial 80%, the shielding efficiency, owing to the
trapped field, decreases to 74% and 72% for probe 1 and 2, respectively. Afterwards, the field is
decreased down to 0.0 T. From external fields above 1.2 T, penetration phenomenon starts and the
stability of the shield is lost.

3.2.2 Rotaded position

A further investigation was carried out in order to verify the shielding unformity in the cylinder.
At this aim, the Hall probes were rotated by 90◦, counterclockwise with respect to the reference
position of figure 4, in order to measure the x component of the internal field, ideally null. As for
tests in reference position, the external field was ramped up and down from 0.0 to 1.2 T, but in this
case by twofold cycling at 0.7 and 1.0 T.

Also in this case, in the initial part of the test, the external field BExt is ramped from 0.0 to
0.6 T at 0.6 Tmin−1. In figures 9, the x-component of the internal field (a) and the attenuation
factors (b) measured by the two Hall probes (1: o, and 2: *) are illustrated. The attenuation factor
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(a) (b)

Figure 9. Measured x-component of the internal field (a) and attenuation ratio (right) for the Hall probes 1
(o) and 2 (*) rotated of 90◦ degrees: (-) no shield (left) and (—) trapping limit (b).

(a) (b)

Figure 10. Measured x-component of trapped flux in the MgB2 cylinder for external field sweep up to up to
1.2 T: probe 1 (a, o) and 2 (b, *); the arrows highlight the ramp direction of the external field.

is of the order of 0.02 (BExt ≤ 0.2 T), giving rise to a field uniformity of 98%. The differences in
the probes readings could be due to a tilt with respect to the ideal 90◦ degrees reference, meaning
that a smaller uniformity improvement is expected by a better alignment.

In figures 10, the trapped flux is assessed in the direction x, by distinguishing probe 1 (a) and
2 (b) is shown. As expected, by cycling at 0.7 T (points 2, 3, and 4) and 1.0 T (points 5, 6, and 7),
the trapped flux is almost constant. Therefore, the shield performance can be roughly modelled by
the base line shifted by the trapped field at the considered external field value. This is true as far as
penetration starts. The field uniformity at 1.0 T is 97% for a maximum-trapped field of 24 mT.

3.2.3 Discussion

The tests on the MgB2 sample have shown the capability of this superconducting material to support
screening currents with a shielding efficiency for radial excitation better than 70% up to 1 T. The
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Figure 11. Cross-section view of the DCCT sensing element proposed in ref. [10] (lengths in mm); on the
left: detail of the structure.

uniformity of the shielding effect was assessed by measuring the orthogonal component of the field
inside the cylinder. A maximum value of 24 mT is recorded for such a component; this gives rise to
uniformity of 97% with respect external field. By assessing the current distributions on the cylinder
surface, the design of a shield with desired dimensions and performance can be carried out.

4 Case study: cryogenic DC current transformer

In figure 11, the cross section of a sensing element [10] for a cryogenic DCCT designed for mea-
suring currents up to 100 kA is depicted. On the left part, a detail of the coaxial structure is given.
In particular, the cores of a soft Ni 81-Mo 5-Fe magnetic alloy (cryogenic permalloy) allow lim-
itations of µ-metal magnetic characteristics at cryogenic conditions to be overcome. The inner
and the outer radii of the cores are chosen in order to maximize the distance from the cable and
to have enough space in the radial direction x for other elements. Each core is endowed with a
thin protection layer (1 mm) of Epoxy to bear mechanical stresses during winding. The detection
coil is wound with 200 turns of an insulated copper wire with a diameter of 0.315 mm. The com-
pensation coil is wound with 8,000 turns of type 1 LHC corrector strand [24] (estimated thickness
of 5.22 mm), outer diameter 0.435 mm. The strand has a critical current of 76.2 A at 4.2 K and
for an external field of 4 T. An iron shell between the cores and the compensation winding avoids
off-centring of the cable under test that could lead to a performance loss of the DCCT, and, even to
core saturation.

In the design [10], a superconducting magnetic cylinder (owing to the favorable temperature
of operation), combined with the pure iron thin shell (2 mm thick), is needed for shielding the
cores from external fields. Total efficiency results from the iron’s action (up to 0.3 T), combined
with the effect of the generated superconducting currents for the full range from 0 to 1 T. Thus, the
superconducting cylinder has to guarantee an attenuation of 70% for external fields of 1 T inside
the iron shell.
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The sensing element can be housed in a cylinder with minimal dimensions of 140 mm inner
diameter along the radial direction x and 76.4 mm of height on the axial direction z. A maximum
wall thickness of 6 mm is allowed from the overall imposed size. The homogeneous region of
shielding is represented in the structure detail of figure 11 by the section of the iron shield. There-
fore, along z, the target efficiency has to be guaranteed over 66 mm, and, along x, over 11.8 mm
(i.e., the width of the iron shell, 64.0–52.2 mm), where the cores are housed actually. These values
are the requirements for the design of a MgB2 cylindrical superconducting shield. According to
the design procedure of section II, the design is carried out separately for the axial and radial field.

4.1 Axial design

According to ref. [17], for a maximum axial field of 1 T to be shielded, an average critical current
density Jc of 100 kAcm−2 with constant distribution along the cylinder radius can be assumed.
Following the procedure of figure 2, the effective thickness teff of the screening currents is estimated
by eq. (2.1). The required thickness is 1.2 mm to generate 1 T, at the centre of the cylindrical shield
of minimal dimensions. Then, it can be stated that the MgB2 bulk cylinder of required dimension
is capable of shielding effectively 1 T at its centre. However, the design target is to verify that an
efficiency of 70% is guaranteed in the iron shell region: z = ±h′, h′ = 33 mm, r′ = 52.2 mm, and
r′′ = 64 mm (figure 1). By considering the cylinder height of 76.4 mm and a central shielding field
of 1 T, the ratio in eq. (2.2) at z = 33 is h1 = 0.72. This means a shielding field of 0.72 T at that
position. Then, a residual field of 0.28 T can be assumed, and an efficiency of 72% is achieved.
By evaluating eq. (2.3) at r’=52.2 mm and r”=64.0 mm, results are worse, h2 = 1.34 (52.2 mm)
and h2 = 1.52 (64.0 mm): the efficiency, considering the module of the field, is decreased down to
almost 50%. The solution for this problem is to increase the height of the cylinder. The maximum
height easily realizable by the RLI technology for this MgB2 cylinder is 120 mm. In this case, the
efficiency along the z-axis is of the order of 90%, and for the x-direction of the order of 80% in the
iron shell region: the required efficiency is then largely achieved.

4.2 Radial design

According to axial design, the cylindrical shell of MgB2 has the following dimensions:

• Internal diameter: 140 mm;

• External diameter: 152 mm;

• Height: 120 mm.

Furthermore, the actual computed thickness of the axial shielding currents is 0.94 mm; therefore,
the effective external diameter for shielding radial fields is 150.12 mm. According to these con-
strains, the capability of this equivalent cylinder of supporting the required current in order to
achieve transversal efficiency of 70% is to be verified.

According to the procedure of section II.B, the experimental data from the MgB2 sample
characterization measurements (section III) are analyzed for design purposes. At 1 T, the shielding
efficiency of the tested cylinder is 74% at the position of the Hall probe 1, and the shielding field
is then 0.74 T. From the Biot-Savart calculation, a total current of 20.39 kA is required on the
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cylinder’s bulk. The circular and the lateral paths of the loop are discretized in 200 and 2 segments,
respectively. If the current density Jc is assumed to be 100 kAcm−2, as for the axial design, the
equivalent cross section area of 0.2 cm−2 is estimated for the loop currents. This leads to ∆s =
0.9 cm, perfectly admissible in the shield geometry.

Following the same steps of the analysis of the measurement data and using the dimensions of
the MgB2 shield, the current loop required to produce 0.74 T at 64 mm far from the cylinder axes
is 47.1 kA. This means an equivalent cross section area of 0.47 cm−2. The equivalent width of the
current loops is ∆s = 1.8 cm, still perfectly admissible in the shield geometry. According to that,
the same calculation can be carried out at 52.2 mm. In this position, the estimated field value, using
47.1 kA, gives rise to efficiency of the order of 60%. This is not of concern, because the internal
part of the iron shell is already screened by the external one. Moreover, due to the simplicity of the
model assumption, the dependency on the y-direction has to be thought as a worst case. In other
words, the MgB2 cylindrical shield with the required dimensions will provide the target efficiency
of 70% in the radial direction at the middle plane of the cylinder in the region of interest. This
performance holds in the z-direction along the height of the iron shell.

5 Conclusions

The design of a MgB2 cylindrical superconducting shield for cryogenic measurement applications
in background field of 1 T is proposed. The design is based on the exploitation of MgB2 material
manufactured by the reactive Mg liquid infiltration process, an ‘in-situ’ technology able to give
very-dense MgB2 objects. Characterization measurements of a MgB2 sample cylinder provides the
required bases for the feasibility study of the shield. In particular, it was experimentally proven on
the sample a 74% shielding efficiency for a background transversal field of 1.0 T at 4.2 K.

The geometrical design is carried out both for axial and radial field configurations. The op-
timization of the cylindrical shields dimensions is based also on the exploitation of measurements
data from the experimental characterization of MgB2 samples cylinders at 4.2 K. In particular, the
results reported in this paper are exploited in the radial project, by using conversely for the axial
design previous results [17].

The design is carried out by modeling the shielding currents on the cylinder inside by well-
established techniques. The experimental results provide the mean to validate the model. The
numerical results show the overall performance of the designed cylinder matches with the target of
70% efficiency in both the background field configurations.

The designed MgB2 cylinder is already in the production phase and further work will be aimed
at exploiting it as effective shield for a cryogenic DCCT prototype.
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