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Why environmental stability matters for accelerators

Accelerator performance is affected by environmental disturbances
Ground motion and vibrations can influence mechanical stability
Tunnel deformations affect beam arrival time and orbit stability
Environmental diagnostics are usually limited to discrete sensors
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Turning an optical fiber into thousands of sensors

DAS
Interrogator laser pulse

optical fiber (km scale)

local vibration ∆L → strain ε →
optical phase change ∆ϕ(s, t) ∝ ε(s, t)

Rayleigh backscatter
changereturned optical signal

spatial resolution

Distributed Acoustic
Sensing (DAS)

Standard telecom fiber
becomes a distributed
sensor array
Continuous
measurements over
kilometers
High spatial and temporal
resolution
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DAS in a nutshell
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DAS sensing: DESY Campus and XFEL

Interrogator
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Fiber cable in PETRA
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The DAS interrogator
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What information does DAS provide?

Measured quantities
axial strain / nano strain (change in
optical length)
Strain rate
Seismic waves
Acoustic signals
Slow thermal drifts

Typical performance
20 km fiber
1 m sampling
10 m gauge length
1000 Hz sampling rate
near DC ... 500 Hz bandwidth
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Space-Time Diagrams

Space-Time (waterfall) diagrams

something moving
Time

Position
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zero
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high amplitude
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XFEL XTL
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Hammer tap on cable tray in XFEL

used for geo-referencing. See eigenfrequency, group-velocity, phase-velocity, reflexion.
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People in the XFEL tunnel
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Thunderstorms
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What is this? (seen inside the XTL tunnel)
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Traffic on Flurstrasse
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Traffic above XTL
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Noise from Traffic above XFEL tunnel

(curtesy: Holger Schlarb)
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Spectral capabilities of DAS

Day – Night
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Spectral diagrams

10

1

0.1

0.01

100

out of bounds

out of bounds

Position

Frequency

Nyquist=500 Hz

resolution: FFT−window

@ fixed time

and

Frequency

Nyquist=500 Hz

Time

@ fixed position

resolution: FFT−window

Examples:
fingerprints of technical devices
earthquakes
microseismics: ocean waves
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XTL Tunnel 2000m

traffic noise (Rugenbarg)
cooling water pumps

electric devices

RF station

end of cold linac

L1 L2 L3

XFEL
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Teleseismic events

Earthquake
in China,
magnitude 7.2

p−wave
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ocean waves
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XFEL Improvements: Arrival Time Jitter

Spacial Arrival Time Budget

Gun Linac 1 BC1 Linac 2 BC2 Linac 3 Undulator Photon Beamline Experiment

Electron Beam X-ray Photon Beam

Beam Arrival Monitors (BAM)

Distributed Acoustic Sensing (DAS) The photon arrival time at the ex-
periment defines the ultimate timing
performance for pump–probe exper-
iments.
Mechanical path-length variations
downstream of the undulator di-
rectly contribute to the timing jit-
ter but cannot be observed by BAM
systems.

Photon generation
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(curtesy: M.-K. Czwalinna)
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Arrival Time Jitter from time of flight and from ∆L
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0.2 Hz ocean waves (time domain)
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0.2 Hz ocean waves seen in space-time domain in XFEL

XTL XTD2 XTD9
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XFEL Performance Measure: Arrival Time Jitter
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XFEL Arrival Time Jitter Budget
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The Movies
Swift-Waves
A Swift-Concert
(Rainbow-Blobs)
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The Movies A Swift-Concert (Rainbow-Blobs) A car on the Street

Markus Hoffmann (DESY) Distributed Acoustic Sensing for Accelerator Stability IBIC2026 30 / 33

 +









The Movies Lightening 1+2
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Vision

Towards a permanent

Seismic Network for Accelerators

Continuous monitoring of DESY and XFEL
Automatic localization of disturbances
Prediction of ground motion
Integration into accelerator operation
Condition monitoring using existing fiber infrastructure
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