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A versatile and portable magnetically shielded
room with a field of (700±200) pT within a cen-
tral volume of 1 m × 1 m × 1 m and a field
gradient less than 300 pT/m is described. This
performance represents more than a hundred-fold
improvement of the state of the art for a two-
layer magnetic shield and provides an environ-
ment suitable for a next generation of precision
experiments in fundamental physics at low en-
ergies; in particular, searches for electric dipole
moments of fundamental systems and tests of
Lorentz-invariance based on spin-precession ex-
periments. Studies of the residual fields and their
sources enable improved design of future ultra-
low gradient environments and experimental ap-
paratus. This has implications for developments
of magnetometry beyond the femto-Tesla scale in,
for example biomagnetism, geosciences and secu-
rity applications and in general low-field NMR
measurements.

I. INTRODUCTION

Magnetically shielded rooms (MSRs) provide low field
(< 10−9 T) and low gradient (< 10−9 T/m) environ-
ments with strong damping of electromagnetic distor-
tions over a wide range of frequencies. Applications in-
clude magnetic resonance imaging at very low fields1,
measurements of biomagnetic fields of the brain at near-
DC frequencies2,3, investigations with magnetic nano-
particles4 and security applications5. Magnetic shielding
is also crucial for experiments in fundamental physics,
prominently in searches for electric dipole moments of
fundamental systems (EDMs)6–9. A finite EDM would be
a manifestation of a new source of time reversal violation

a)Electronic mail: pfierlinger@gmail.com

and should provide critical information to understand
the asymmetry of matter and anti-matter in the universe
and to test physics beyond the Standard Model of Parti-
cle Physics10–12, which is complementary to high-energy
collider (i.e. LHC) experiments. EDMs are usually mea-
sured using the spin-precession of one or two species of
nucleons, leptons or atoms, reaching resolutions in the
nHz range. Using cryogenic SQUID-based magnetome-
ters with sub-fT resolution1 and optical magnetometers13

in low field and low field-gradient environments, violation
of Lorentz invariance 14–17 or spin-couplings that arise
due to exotic physics can be investigated with unprece-
dented sensitivities.

The stability and homogeneity of the magnetic field is
crucial for spin-precession measurements due to the first
order coupling to spin. Effective stability of the magnetic
field can be achieved with the use of a co-magnetometer,
an auxiliary species often in the same volume that is less
sensitive to the new physics couplings, but is compara-
bly sensitive to the magnetic-moment coupling; however
the homogeneity generally affects the spin-coherence time
(T ∗

2 ) or observation time for a measurement in first or
second order. Generally the longest spin-coherence time
requires the smallest gradient18.

The state-of-the art is the Berlin Magnetically Shielded
Room 2 (BMSR-2)19 at the Physikalisch Technische Bun-
desanstalt (PTB) Berlin. With seven layers of µ-metal
and a mass of about 24 tons, BMSR-2 has a passive
shielding factor (SF) of ∼ 75000 for external magnetic
field variations at frequencies less than 0.01 Hz. With
additional active shielding, external variations are atten-
uated by a factor of more than one million. In this paper,
we describe a transportable MSR developed as part of
the magnetic shielding for an experiment to measure the
EDM of the neutron20 at the FRM-II reactor of the Tech-
nische Universität München (TUM) in Garching. With
just two layers of µ-metal and an RF shielding layer, the
transportable room has a shielding factor of ∼ 300 for ex-
ternal magnetic field variations at frequencies less than
0.01 Hz. The residual static field and static-field gradi-
ents are nevertheless comparable.
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II. APPARATUS

A. Design Principles

To achieve the goals of small field, small gradient, ac-
cessibility and vibration isolation, we applied the follow-
ing design principles to our MSR:

• Physical placement of the room mechanically and elec-
trically decouped from the enclosing building. A partly
magnetic decoupling could be achieved by cutting out
the steel reinforcement in the MSR and replacing it by
a seperate stainless steel reinforcement.

• A controlled magnetic environment within which the
MSR is placed inside an active surrounding-field com-
pensation (SFC) for both static control of e.g. the
Earth’s field and dynamic stabilization of fields vary-
ing slowly in time, also called active shielding.

• A combination of magnetic and RF shielding using
highly permeable and highly conducting materials.
The large inner dimensions require assemblies of sev-
eral plates with connections, with the plates as large
as possible.

• Access to the inside is provided by a large removable
door. Effects on shielding performance and magnetic
gradients inside the MSR are minimized by placing the
door-wall-overlaps close to the edges of the room, far
away from the center.

• Permanently installed optimized degaussing system for
reproducible and complete degaussing to low residual
field values.

• Negligible magnetic effects from all internal equipment
including lighting.

• Strict magnetic screening for all materials and fas-
teners used in constructing the room and for the ex-
perimental apparatus used within the room. In the
present case, samples of all materials are screened in-
side BMSR-2 for magnetic contamination. Specifica-
tions are less than or equal to 3 pT at 3 cm for items
closest to the actual experiment inside.

Note that any magnetizable piece within the shield,
even if initially demagnetized could be magnetized by a
field fluctuation, the B0-field, or sparks from electromag-
netic discharges.

B. Field compensation and active shielding

The FRM-II neutron EDM experiment is located in the
Neutron Guide Hall East building. To accommodate the
neutron-beam height, the base for the MSR is set in a 9 m
× 6 m sized and 1 m deep concrete basin. The basin has a
double-wall and is electrically and mechanically isolated

FIG. 1. A horizontal cut through the (a) ambient field, and
(b) field-cage compensated magnetic field at a height Z =
1.5 m, approximately the center of the MSR. The dotted lines
show the position of the walls of the MSR. The contour labels
indicate the magnetic field in µT.

from the building’s floor. The concrete is reinforced with
non-magnetic stainles-steel rods.

Surrounding the MSR, resting on the floor of the basin,
is a field-cage system consisting of 24 rectangular coils
with dimensions X=6 m × Y=9 m × Z=6 m21. This coil
system is used to apply linear and second order gradi-
ents to reduce the magnitude and inhomogeneity of the
magnetic field in the vicinity of the MSR. The same coils
can be also used to apply fields and gradients to test the
magnetic properties of the MSR.

Low-frequency, time-dependent distortions, like cars
passing nearby the experimental hall, the Munich sub-
way line to Garching, and elevators in the building, can
be actively compensated at frequencies up to 10 Hz us-
ing feedback to the 24 coils calculated with data from an
array of 60 3-axis fluxgate magnetometers22. The flux-
gate magnetometers are located within the volume of the
field-cage, but outside the MSR, and are arranged in a
pattern to optimize the off-center MSR location within
the coil system (see Fig. 1 and Sec. II C)21. The effect of
the MSR on the surrounding field is taken into account
by the compensation algorithm. Without the MSR in
place, the ambient magnetic field at the position of the
experiment with and without the field compensation is
shown in Fig. 1.

C. The MSR construction

A drawing of the MSR and the surrounding wooden
access floor is shown in Fig. 2. Both the access floor and
the room floor are at the ground level of the experimental
hall, 1 m above the bottom of the concrete basin. The
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FIG. 2. 3D model of the MSR. The MSR is placed on an alu-
minum table, the floor level in the room and the surrounding
platform is 1 m above ground. At the front side, the 2×2 m2

access door is shown opened, but not fully retracted. The
MSR is purposely placed close to the side of the coil system
so that (a) the distance between the experimental area and
the neutron source is minimized and (b) the door of the MSR
can be opened freely.

MSR provides an inner space of dimensions 2.50 (X) ×
2.78 (Y) × 2.30 (Z) m3 (see Fig. 2) and weighs about
9200 kg.

The walls of the MSR consist of three functional lay-
ers shown in Fig. 3: inner and outer passive magnetic
shielding layers for low frequency electromagnetic fields
and an aluminum mid-layer for eddy-current magnetic
field damping and RF suppression. Each passive shield-
ing layer contains two 1 mm thick µ-metal sheets, fabri-
cated from Krupp Magnifer23, a high permeability alloy
consisting of mainly nickel and irona. The two sheets of
each layer are mounted in a crossed arrangement with
high symmetry to avoid directional dependencies of the
gaps in the assembly. Additional strips of µ-metal of a
width 70 mm are used to cover gaps on each side. Holes
for mounting screws are placed in regular 25 cm hole pat-
terns of maximum 75 cm separation in all µ-metal sheets.
Stacking more sheets of µ-metal in one layer helps to
match the magnetic field used for degaussing to pene-
trate the material. Possible gaps between the sheets in
the layer do not cause any measurable changes in the
performance. The inside and outside shielding layers are
separated by approximately 0.25 m as shown in Fig. 3.
All layers are electrically isolated from each other us-
ing plastic sleeves around all mounting screws and plas-
tic layers between the support structure and each shield

a We will continue using the commonly used term “µ-metal” for
this particular brand throughout this paper

FIG. 3. Typical section of the walls of the MSR. Note that
there is also electric isolation (not shown) between the outer
layer, the aluminum layer and the inner layer.

layer. This allows each functional layer to be connected
separately to a single ground point.

The RF shielding layer is 8 mm thick aluminum and is
tin-coated to provide better electrical contact at overlaps.
Feed-throughs are made from aluminum tubing 0.25 m
long welded into the RF shield with holes in the µ-metal
sufficiently large to prevent electrical contact between
layers. There are 74 RF-tight circular holes penetrat-
ing the walls of the MSR. They range in size from 20 to
130 mm diameter and may be used for cables, ventila-
tion, vacuum lines, lasers, magnetic field sensors, spin-
polarized gases, etc.. Figure 4 shows the positions of
these access holes in front and side views of the MSR.
The holes are placed in symmetric patterns on oppo-
site walls. The penetrations have minor effects on the
shielding factor and field distribution inside the room,
as discussed in Sec. III. The entire MSR, including the
door (see Sec. II D), can be transported without any ad-
ditional support structure by truck. It was moved from
the manufacturer24 in Switzerland to Munich, and then
again across the TUM campus, with no measurable in-
crease in the residual field quality inside the MSR nor
the SF.

D. The MSR interior

The MSR is designed to accommodate a large ex-
perimental apparatus of approximate size 1.9 (X) ×
2.8 (Y)× 1.9 (Z) m3. Access is provided through a door
1.92 m wide×2.00 m high. The door is placed in the cen-
ter of the front wall of the room. It is actuated manually
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FIG. 4. Front and side views of the MSR with the door open.
Arrays of access holes with diameters ranging from d = 40 mm
to d = 50 mm and are placed on all sides, as well as on the
top and bottom. There are three 130 mm diameter holes in
the back wall (looking into the room) providing access for two
neutron beam guides and a high voltage connection for the
neutron EDM experiment. An aluminum structure supports
the door from above, allowing it both to move in the X and
Y directions and to rotate freely and to move completely out
of the way for the insertion of large components.

with pneumatic clamps that provide a constant pressure
between the shielding material of the door and that of
the room. Two sets of these clamps press the inner door
shield to the inner room shield, and independently the
outer door shield to the outer room shield. A horizon-
tal cut through the closed door is shown in Fig. 5. The
door is mounted on a rail system at a single point at the
door’s top center. The rail system is mounted on the roof
of the MSR, and the door can be retracted and rotated to
leave the opening completely clear. This operation can
be performed by a single person. An emergency mecha-
nism allows the door to be opened from the inside, so that
personnel can work inside the room with the door closed.
Good magnetic contact at the door is critical to obtain a
large SF, particularly for frequencies below about 1 Hz.
For this purpose, the magnetic material at the door has
a 65 mm overlapping region which is clamped together

FIG. 5. Detail of the door (blue) and its connection with the
front wall of the room. The overlap of the shielding material
of door and wall is 65 mm for both the inner and outer shell.
The aluminum shell is connected to the door via flexible cop-
per contacts. The black arrows mark the region where the
shielding material thickness is doubled due to the overlap of
inner wall and door, as discussed in detail in Sec. III.

using pneumatic actuators. Another important consider-
ation of the door is that the SF at frequencies between 1
and 100 Hz in X- and Z-directions are limited by the con-
ductivity provided by the flexible copper door contacts.

Another rail system on the floor inside the MSR allows
for the insertion of experimental apparatus with a mass
up to 5500 kg. The load is transferred to a pattern of 28
supports that penetrate through the shielding layers to
the shield supports The shield and the apparatus are me-
chanically coupled so that they vibrate together, further
minimizing the impact of mechancial resonances. The
major resonance frequencies for mechanical vibrations of
the room were measured to be 8, 10, 16, 20, 22.3 Hz.

A wooden floor is installed inside the room to allow
convenient access to the experiment. The floor is sup-
ported by the shield frame, but is separated from the
inner µ-metal layer. Lights made from arrays of di-
rect current driven light emitting diodes provide stan-
dard workspace-quality illumination inside the MSR with
negligible impact on the measured residual fields (see
Sec. III B).

E. Degaussing

It is possible to magnetize µ-metal due to its finite
remanence. To reach the lowest possible residual field
inside a MSR degaussing is necessary. It turned out,
that in the past the possible residual field was limited by
the used degaussing procedure. We used an optimized
procedure similar to the degaussing described in Ref.25.
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FIG. 6. Degaussing coils are placed surrounding the edges
of each shell of shielding material. The figure shows a set
of four coils, connected in series, for one direction in space;
there is a similar arrangement for each spatial direction. The
interconnecting wires are routed (and twisted) to compensate
additional magnetic fields. The grey arrows denote the in-
duced magnetic flux in the shield by the coils.

The degaussing coils, consisting of 21 turns of 2.5 mm2

copper wire, are placed around each of the 12 edges of a
µ-metal layer. To decrease inductance, three of the wires
in each coil are connected in parallel, forming a seven-
turn coil along each edge.

Four of the twelve edge coils are configured in series to
degauss in one spatial direction as illustrated in Fig. 6.
The four edge coils create a magnetic flux in a closed
loop pattern inside the µ-metal layer degaussing the four
walls that it passes through. To degauss the remaining
two walls, another set of four edge coils around a different
spatial direction has to be used after the degaussing of
the first four walls. It has been demonstrated25 that
such a degaussing procedure can lead to very low and
homogeneous residual fields.

To achieve the smallest possible residual fields and gra-
dients inside the MSR by degaussing of the MSR, several
conditions must be satisfied. In the optimal situation,
the field during degaussing at the outside of the MSR is
stable, although not necessarily zero. Everything inside
the inner magnetic shielding layer of the MSR, including
fasteners and lightings, should be as non-magnetic as pos-
sible. The degaussing procedure then produces minimal
magnetic fields in the inner magnetic shield, resulting in
low residual fields and gradients within the room. Ulti-
mately, in the case where the experimental apparatus is
generating its own magnetic field by a time stable current
through a coil inside the MSR, the degaussing should be
done with the internal field switched on to get a time
stable magnetic field inside the MSR. Degaussing is done
in one direction in one shield layer at a time by applying
a sinusoidal current signal with decreasing amplitude. In

this case we use a sine function with a frequency of 10 Hz
and start above saturation current which was 9 A for the
inner shield. It was followed by 1000 cycles at 10 Hz
with a linearly decreasing envelope. The function is gen-
erated in software on a PC and converted to a voltage
signal with a 10 kHz, 16-bit digital-to-analog converter
(DAC), followed by a voltage divider to match the max-
imum current to the full range of the DAC. The signal
goes through a 100 Hz low pass filter to smooth the steps
of the DAC and is then converted to current by an ampli-
fier before passing through a transformer to eliminate any
d.c. offset. To minimize the residual field, the degaussing
procedure described above is applied in turn to the mag-
netic flux loop (see Sec. II E), corresponding to each of
the three spatial directions, first for the inner shell, then
the outer shell and then for the inner shell a second time.
The order of processing for the three loops of each shell
is found to be unimportant for the residual field value
achieved so far. The full non-optimized degaussing pro-
cedure is performed in less than 30 min. After this initial
degaussing of both layers, similar residual fields were ob-
tained by degaussing only the inner layer in ∼ 5 min.
For example, the residual magnetic field in the center of
the chamber can be reproduced well within 0.5 nT inde-
pendent of the direction or magnitude of the surrounding
magnetic field of up to 100 µT or applied field gradients
of up to 100 µT/m.

III. MEASUREMENTS

A. Shielding factors

The performance of a magnetic shield is typically char-
acterized by measuring the change of the field within the
shield when the external field changes. For an external
field provided by current applied to a test coil, the shield-
ing factor (SF) can be defined as

SF =
test coil magnetic field without MSR

test coil magnetic field with MSR
. (1)

The shielding factor was measured at the center of the
room for a range of frequencies and amplitudes.

Sudden surrounding magnetic field disturbance

When the magnetic field environment changes sud-
denly, such as moving of an object made of magnetic
material (e.g. crane, car or door), the magnetic field in-
side the room will be affected. To study this, a series of
sudden changes or “instantaneous steps” in the external
field and gradient were applied using the coils of the ex-
ternal compensation system (see Sec. II-A). The field or
gradient at the center of the shield was measured with
a Mag03-70 low-noise Bartington fluxgate magnetome-
ter.22 The SF for instantaneous uniform field changes is
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greater than 300 for few-µT fields and increases with am-
plitude as shown in Fig 7. The smaller SF for external
fields in the Z direction is due to the placement of the
external coils, which are vertically offset by 0.5 m rela-
tive to the MSR; however, the Z-direction SF is reduced
by less than a factor of two when the external field is
changed by approximately 50 µT (the approximate mag-
nitude of the earth’s magnetic field). Note that although
the direction of an applied distortion is not necessarily
conserved inside an MSR, here |B| is used for the calcu-
lation of SF. After a sudden external change, the internal
field responds with an observed timescale of 0.6 - 1.5 s.
The increase of the SF with larger magnitude of excita-
tion is expected from the behavior of µ as function of
magnetization. Active procedures like shaking (see e.g.
Ref.27) of the shield will significantly increase the SF of
the MSR at low frequencies.

Sinusoidal external magnetic field disturbance

Sinusoidal external magnetic fields were generated by
a set of rectangular coil pairs of size 4 m × 5 m, with
4 m spacing, which also were used during commissioning
at the factory. The SF as a function of frequency for
low frequencies is shown in Fig. 8. For frequencies below
0.01 Hz, the SF approaches 300.

Our results are compared to the performance of the
following MSRs in Fig. 8: (a) BMSR-219 with 24 tonnes
of µ-metal28 in seven layers (with thicknesses, starting
from the inner layer, of 4 mm, 7 mm, 6 mm, 3 mm,
3 mm, 2 mm, 2 mm), (b) BMSR with 10 tons of µ-metal
in six layers;19, (c) the MSR in Boston29 with three µ-
metal shells (inner layer 4 mm, middle and outer layer
each 3 mm thick), and (d) a typical Ak3b MSR from
Vacuumschmelze30, with two layers of 4 × 0.75 mm µ-
metal (overall about 50% more material than the Garch-
ing MSR presented here). The performance of an instal-
lation of a modified Ak3b MSR with similar dimensions
and optimized degaussing is also discussed by Ref.25.
Note that the different shielding factors presented here
are hard to compare precisely because they depend on
the strength of the external field, the positioning of the
probe in the room, and the geometry and distance of the
test coils away from the outer magnetic shielding layer.

B. Residual field

The residual field inside the room was measured
with an array of 6 LTc SQUID magnetometers31, each
mounted on one of the six faces of the cubic holder.
The SQUID dewar was moved to several positions in the
room. Figure 11 shows a map of the residual field x,
y and z components. In each measurement plane, we
measure the center and center front point twice, once at
the beginning and once at the end, to check the repro-
ducibility. Within the investigated volume, the ∆Bi/∆j
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FIG. 7. Shielding factor (SF) of instantaneous steps in ex-
ternal homogeneous fields and gradients for different mag-
nitudes as measured at the center of the shield. The filled
symbols indicate the SF for homogeneous external fields: left
and bottom scales (squares, X direction; diamonds, Y direc-
tion; circles, Z direction). The open symbols indicate the
corresponding SF for external gradients: right and top scales.

is conservatively estimated to be less than 700 pT/m,
where i, j = x, y, z. At the center, the resolution limit
of the magnetometer allowed us to set an upper limit on
the gradient of < 300 pT/m. The degaussing and the
measurements were undertaken at night without the dy-
namic field-compensation when variations of the external
field were less than 100 nT.

During these initial commissioning measurements re-
ported here, there was a contact problem of the inner
µ-metal shield at the lower edge of the door as seen from
Fig. 11. Due to the dominance of this systematic error,
the drift of the SQUID magnetometer of 150 pT dur-
ing the 2 hour duration of this measurement is not cor-
rected. Even with this magnetic-field leakage, our mea-
sured residual field was (700±200) pT within the mea-
sured 1 m3 volume and about half in the upper half of
the volume. This is the smallest value that has ever been
achieved over such a large volume for a two-layer MSR
(for a comparison, see Fig. 1 in Ref.25) . Due to the
small SF at low frequencies, these results can only be
achieved at night when the low frequency disturbance is
small. Note that the field is dominated by nonlineari-
ties caused by the door, visible near the boundary of the
volume placed exactly in the center of the room.

Opening and closing the door without using the ex-
ternal compensation coils (i.e., exposing the inner shield
layer to the ambient field) causes distortions of few nT
in the center of the MSR. This residual field is easily re-
moved by degaussing only the inner shield. The response
to external field variations was also studied by applying
a sequence of external-field pulses of several second dura-
tion with short rise time and ∼ 100 µT amplitude. After
five pulses, the residual field in the center of the room
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FIG. 8. The shielding factor (SF) as a function of frequency.
An external, rectangular coil pair configuration was used to
apply sinusoidal fields with a peak-to-peak amplitude of 1 µT
as measured at the location of the center of the MSR prior
to its installation. For frequencies above 5 Hz, the measure-
ment uncertainties are dominated by the noise of the fluxgate
probe. The solid lines between the measured points are to
guide the eye; the dashed lines show the SFs of other MSRs
as follows: (a) 7-layer BMSR-2 (b) 6-layer BMSR, (c) Boston
3-layer MSR and (d) Ak3b MSR from Vacuumschmelze with
2 µ-metal layers and one RF shield.

returned to its initial value to within the measurement
precision of the fluxgate magnetometer.

The residual field in the center of the MSR is a su-
perposition of fields emerging from the inner shield layer
and contributions of ‘imperfections’ due to overlaps of
µ-metal sheets, field penetrations of the feedthroughs on
the wall, and magnetic parts inside the MSR. The depen-
dence of the magnetic field magnitude as function of the
distance from the wall is shown in Fig. 9 for feedthroughs
of various sizes. After repeated degaussing of the inner
shield, the residual-field-distribution is reproducible at
the fluxgate sensor resolution.

For feedthroughs with diameter < 60 mm, the field
decreases rapidly with distance and is < 3 nT at a dis-
tance of 50 mm from the inner µ-metal wall. As ex-
pected, the field drops more slowly for the 130 mm di-
ameter feedthroughs. This curve shows a bump at 15 cm
distance due to the presence of a fixed magnetic object
nearby.

Figure 10(a) shows the horizontal X-Y projection of
the field in a plane that extends outward from the closed
door at the vertical center of the chamber with the over-
lap region as indicated by the arrows. Whereas the over-
lap of the µ-metal wall effectively reduces the magnetic
resistance between the shield wall and the door, the door
cannot be degaussed as good as the main material of the
shield. Fig. 10 (a) shows that the magnetic field pene-
trates into the room at the door-wall overlap. The µ-
metal side wall at X = 0 attracts the field and keeps it
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FIG. 9. Magnitude of the interior magnetic field as function
of distance from the wall. The curves show the magnitude of
the residual field measured along a line normal to the shielding
material surface and centered on the corresponding feature as
indicated. The values are reproducible at the level of about
1 nT (limited by the accuracy of the fluxgate sensor) after
repeated degaussing over a period of several weeks. Note that
distance = 0 corresponds to the Fluxgate-probe placed in the
center of a hole in the surface of the µ-metal, with the actual
probe placed 10 mm away inside the housing. The map is
corrected for the positions of the respective probes inside the
fluxgate.

away from the center, therefore at 0.6 m away from the
door wall is below 1 nT, see Fig. 10 (b). For the resid-
ual fields, the contact of the µ-metal of the door and
the µ-metal of the wall is limiting the residual fields in-
side the room. It is a difficult mechanical problem to get
sufficient contact between the µ-metal layers without air
gaps. Even a very small localized airgap is critical for
the residual field.

C. Spin-precession measurements

The homogeneity of the magnetic field will strongly in-
fluence the coherence time of the nuclear spin during a
magnetic resonance measurement. Therefore, the trans-
verse relaxation time T ∗

2 can be used to probe the field
homogeneity. Figure 12a shows the Larmor precession of
hyperpolarized xenon nuclei in a applied magnetic field
of 1.2 µT inside the MSR.

The 3He gas was in a 3 cm, nominally spherical sealed
glass bulb with 500 mbar 3He, 100 mbar of xenon (90%
129Xe), and 50 mbar of N2 introduced as a buffer gas.
The noble gases were hyperpolarized by spin exchange
optical pumping32 and manufactured at the University
of Michigan. The distance between the center of the cell
and the LTc SQUID magnetometer 3131 during the mea-
surement was 11 cm. The white noise level of the system
is < 10 fT/

√
Hz. The sampling rate was 250 Hz. The
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FIG. 10. (a) Horizontal field on a horizontal plane in the
region of the door. The arrows indicate the region of the
overlap, where the inner door is pressed on the inner shield
from the outside as sketched in Fig. 5. The dotted line indi-
cates the path along which |B| is plotted in (b). X = 0, Y =
0 corresponds to the front, right coner of the inner µ-metal
layer.

MSR was degaussed and then the bulb with the polar-
ized gas was passed by hand through a 12 cm hole in the
MSR rear wall and set at the center of the guide field.
The free-precession was initiated by a 90◦ non-adiabatic
change of the guiding field direction (∼ 10 ms switching
time).

A transverse relaxation time T ∗
2 up to 16900 s was

observed. Contributions to dephasing from atom-atom
collisions and atom-wall collisions, which are usually less
significant than the field gradient effect, now become im-
portant inside the MSR.

In addition to the relaxation time, the signal-to-noise
ratio of the precession signal plays a pivotal role in de-
termining the precision of the frequency by limiting the
observation time. The Fourier transform of the preces-
sion signal is shown in Figure 12(b).

X
Y

Z 

X
Y

Z 

X
Y

Z 

FIG. 11. Plots of the residual field homogeneity in a 3x3x3
points grid with a 0.5 m spacing where the field amplitude
is normalized to the central field. The cross-sectional views
are visualized on the horizontal and two vertical cuts passing
through the center point. The step size of the magnetic field
strength between each contour line is 50 pT.

IV. SUMMARY

We have described the design principles, construction
and performance of a portable magnetically-shield room.
The residual static field of the two-µ-metal layer and one
RF-layer room is < 1 nT and has a field gradient of less
than 300 pT/m. This exceeds the performance of compa-
rable non-transportable MSRs significantly. The shield-
ing characteristics, initially measured at the factory in
Switzerland, were reproduced after transporting the as-
sembled room from the factory to a laboratory in Garch-
ing, Germany and then again after another move to the
FRM-II reactor site about 1 km away. We have demon-
strated the performance of the MSR by SQUID-based
measurements of the precession of the nuclear magnetic
moment of 3He gas in a glass bulb of 30 mm in diame-
ter in an applied field of 1.2 µT. Although the transverse
relaxation time T ∗

2 is reduced by a number of factors in
addition to the field homogeneity, we achieved relaxation
times of T ∗

2 =16900 s. This outstanding performance of
the experimental environment inside the MSR will serve
as the basis of forthcoming experiments aiming at, e.g.,
the determination of the electric dipole moment of the
neutron (nEDM) and noble-gas nuclei. Field homogene-
ity over scales of a meter meets the performance needed
for the nEDM experiment. For the spin-precession ex-
periments, the field characteristics over a much smaller
distance are relevant. This shielded room opens up new
opportunities in a variety of fields from precision mea-
surements in physics to biomedical applications to mate-
rials studies.

We acknowledge the support at the FRM-II, the work-
shop of the Max-Planck-Insititute for Plasma-Physics
and at the TUM Physics Department in Garching. This
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FIG. 12. (a) Measured SQUID signal of the precessing 3He
nuclear spins, filtered by a 7th order Butterworth band pass
filter (35 to 45 Hz). The inset in the figure is a zoom into the
data set. (b) Magnetic flux density spectrum of the measured
precession signal, unfiltered. The 39 Hz peak is the Larmor
frequency of 3He in a 1.2 µT guiding field. The Xe peak is
outside the shown freqency band. The small peak at 36.2 Hz
could be caused by a ventilation fan.
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