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Why
do we need to measure the time-varying magnetic field 

at Bedretto?

In atomic interferometers, magnetic field interact with Strontium 
atom spin, causing Second order Zeeman shift, and this induces an 
extra noise phase:

Δ𝜙𝑚𝑎𝑔 ≈
𝛼

ℏ
𝐵0𝛿𝐵 𝑇

The phase resembles GW signals and is a systematic error.

For Strontium atom clock states [1]:

Δ𝜙𝑚𝑎𝑔 = 10−3𝑟𝑎𝑑/ 𝐻𝑧 ×
𝐵0

10−4𝑇
×

𝜹𝑩

𝟏𝟎𝟎𝒏𝑻/√𝑯𝒛
×

𝑇

1𝑠

This imposes a 𝟏𝟎𝟎𝒏𝑻/√𝑯𝒛 requirement on the E&M environment in 
the relevant frequency range 10−2 ∼ 102𝐻𝑧.

[1] arXiv:2104.02835 𝛿𝜙𝑚𝑎𝑔 ≈
1

ℏ
Δ𝐸𝑍𝑒𝑒𝑚𝑎𝑛 𝑇
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Measurement Design

Requirements:

1. High humidity within tunnel (dripping).

2. Long duration of acquisition.
• Understanding of noise floor benefits from 

month-long acquisitions.

3. Low instrument noise floor.
• Need ≪ 100𝑛𝑇/ 𝐻𝑧.

• Need a null test of instrumental floor.
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Measurement Setup

- Sensor: Bartington Mag-13MS70 + PSU-1.

- Three-axis fluxgate magnetometer.

- 9.5 kHz internal low pass, calibrated below 3.4 kHz,

- Combined noise floor 7𝑝𝑇/ 𝐻𝑧 at 1Hz.

- DAQ: Digilent MCC-128 DAQ board.
- 16 bit, ADC = 2𝑛𝑇 resolution, range ±10𝑉, 350𝜇𝑉rms noise.

- Box: desiccants inside, water tight.

- Temperature, humidity, pressure monitoring by BME280 chip,

- Humidity kept less than 20%,

- Temperature kept stable between 22℃ to 25℃.

- Null Test: MuMetal Zero-gauss chamber.

- Attenuation factor c.a. 103.

- Example for passive shielding.

- Overall estimated noise floor at 1Hz:

13.7𝑝𝑇/ 𝐻𝑧 in each direction.
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Sensor Location

TM3500 Site Map location

z x

y
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Acquisition Specifications

Setup:

- x,y,z 3 channel, @ 20kHz sampling (avoid aliasing).

- Samples are taken continuously,
- 161.6h within zero-gauss chamber, data start from 2025/07/23.

- 310.2h without, data start from 2025/07/29.
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1-hour PSDs

A 1-hour measurement example:

1. 1/f pink noise pattern 
• Ankle at 10Hz with 20𝑝𝑇/ 𝐻𝑧.

2. Signal peak @16.667Hz.
• Peak height exceeds 100n𝑇/ 𝐻𝑧.

• Only present in vertical direction.

• The train grid operating frequency.

3. Signal peak @50Hz.
• AC power line inside tunnel.

• Higher harmonics present.

PSD Measurement on 2025Aug04 17:17 in x,y,z directions
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PSD on-off test

Zero-Gauss Chamber vs. magnetic field background:
መ𝑆 = 𝑆𝐷𝐴𝑄 + 𝑆𝐷𝐴𝑄,𝐸𝑀 + 𝑆𝑃𝑆𝑈 + 𝑆𝑐𝑎𝑏𝑙𝑒,𝐸𝑀 + 𝑆𝑚𝑎𝑔

- 16 percentiles in measured magnetic background 
are non-overlapping with 84 percentiles in zero-
gauss chamber.

- Experimental setup capable enough for background 
measurement.

- Also Indicates passive shielding could mitigate 
magnetic field noise.

Zero-gauss 
measurements

Measured magnetic 
background

PSD percentile plot of zero-gauss chamber on-off 
comparison, y direction (vertical)
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PSD day night-cycle
Day-night cycle seen in magnetic field 
background:

- At day 4:00-19:00, signal peak @16.667 Hz is c.a. 
6 times higher than night.

- The night signal 19:00-4:00 shows decreased 
1/f noise and decreased noise floor.

- Night measurements could mitigate train 
signal interference.

Agreeing to the Furka tunnel car train schedule. PSD percentile plot of day-night y component comparison.

Train schedule Furka
baseline tunnel
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Waterfall plots

PSD Waterfall plot 1h:

- Evidence of train crossings.

- Not present during night (19:00-4:00)

Night time 1h Day time 1hZero-gauss chamber

Trian passing event
7:35 - 7:48
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Conclusions

1. The Bedretto TM3500 site is magnetically quiet for R&D of future atomic 
interferometers and other experiments that have a magnetic field requirement of 
100𝑛𝑇/ 𝐻𝑧 , in the frequency range of 10−2𝐻𝑧 − 102𝐻𝑧.

2. The peak at 16.67Hz and other noise sources could be well-attenuated using passive 
shielding.

3. 16.67Hz peak come from trains operating inside Furka baseline tunnel.
• Signal strongest in y direction.

• Day signal c.a. 6 times higher than night at 16.67Hz.

• Waterfall plots show train passing events.

• Avoiding noisy periods could suppress train noises.
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Thank you for your Attention.
Q & A
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Appendix
Waterfall plots,

Train signal estimation,

PSD estimation
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Estimation of train current
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Estimation of Train Current

To determine whether train grid is sufficient for exciting the signal:

- Trains perpendicular running,

- Magnetic field rms @16.67Hz at 0.027𝜇𝑇.

- Current estimate 236𝐴.
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Power Spectrum Calculation
Introduction to PSD estimation
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Power Spectral density

FFT Amplitude/Power Spectrum: 𝑎𝑘 = 𝐷𝐹𝑇 (𝑈𝑖), 𝑃𝑆𝑘 =
𝑎𝑘

2

𝑁2
.

- Frequency spacing Δ𝑓 =
𝑓𝑠

𝑁
. (𝑓𝑠 sample rate, 𝑁 samples).

- Faithfully represents signal peak amplitudes.

- Distributed signals have amplitude ∝
1

𝑁
, not natural.

Power spectral density (PSD): 𝑃𝑆𝐷𝑘 =
𝑃𝑆𝑘

Δ𝑓
=

𝑎𝑘
2

𝑓𝑠𝑁
.

- Represents the signal density in frequency range 𝑓𝑘~𝑓𝑘 + Δ𝑓.

- Natural representation of noise floors.
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Windowing and Averaging

Using Welsch’s method:

- For every 1h of acquisition, file is 
dumped and PSD is estimated using 
Welsch’s method.

- The PSD is estimated by averaging 
over multiple overlapping segments of 
100s duration (for 10−2𝐻𝑧 frequency 
resolution).

Heinzel, G., Rudiger, A. & Schilling, R. Spectrum and spectral density estimation by the 
Discrete Fourier transform (DFT), including a comprehensive list of window functions 
and some new flat-top windows.
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PSD day-night cycle

Histogram of magnetic field PSD:

- Shows 2-branch structure in range of 1𝐻𝑧 ∼ 50𝐻𝑧.

- A significant branch around the signal peak 
@16.667Hz.

- Is this a day-night cycle?

PSD histogram
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Channel x on-off
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Channel y on-off
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Channel z on-off
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Background
Atomic interferometer experiments requirements

Bedretto site information
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Experimental Setup
Magnetometer setup
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Results
Magnetic field PSDs, detection of train signal
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