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Why environmental stability matters for accelerators

el - 2 : .
@ 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
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Distributed Acoustic Sensing for Accelerator Stability

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

Phase-sensitive Optical Time Domain Reflectometry

Measurement principle...

Multiple scattering centers & measured waveforms /\

Pulse width
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Multiple scattering centers within laser pulse width
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Intrinsically requires large data rates...
z: sampling of reflection ~ 100 — 1000 MSPS
(SNR & spatial resolution) Els .
20 2

t: laser pulse rep. rate ~ 1 — 100 kHz A AL 9

Distance (m)

(SNR & noise frequency resolution) 0 2

= Quickly ~ 1 Gbyte/sec . B

= Data processing & analysis E N
4 2

Optics Letters - July 2020 DOI: 10.1364/0L.395922 0 5L 52 53 54 55 7 Sensors 2019, 19, 1709; doi:10.3390/s19071709
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DAS sensing: DESY Campus and XFEL

Desy2026 Map [528 points]
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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 .
Typical performance

° aX|§I strain / nano strain (change in o 20 km fiber
optical length) ]
@ 1 m sampling

@ Strain rate . | i
@ Seismic waves @ 10 m gauge lengt

@ Acoustic signals
@ Slow thermal drifts

@ 1000 Hz sampling rate
@ near DC ... 500 Hz bandwidth
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Space-Time Diagrams

Space-Time (waterfall) diagrams
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IBIC2026

Stability
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Hammer tap on cable tray in XFEL

/desy_UTC_202108520_074000, 158, tdns

3488 n n n 3

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

pL1gaysSRG{500P40_UTE = 116, 1.earse-oe 2

L
308 n 70 n 1163 1500 1360 n 2300 n 2700 n $100 n 3500 n 3560 n 4583 n 4783 n 513 n 558 n 5360 n 6300 n 6700 m 7100 m 7500 1 730 8308 578 9130 950
filter=BP_[0.8:45] Hz gain=4 rns

Markus Hoffmann (DESY) Distributed Acoustic Sensing for Accelerator Stability 1BIC2026 13/33



AT R TN T

17688 m 1808 m 1968 n : 1688 m .‘ll?ﬂﬁ n ISBIB w1988 m ZBBb n

filter=LP_18_Hz gain=4 filter=LP_B.3_Hz gain=158

Markus Hoffmann (DESY) Distributed Acoustic Sensing for Accelerator Stability 1BIC2026



Gherlagerungen
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Auto biegtvon Rugenbargaut
-Bornheide ab. 25
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pectral capabilities of DAS

XTL avg spectrum 2021-05-25
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Spectral diagrams

Frequency Frequency
A
[ out of bounas |
[ NyquistssooHz  [__] 100 Nyquist=500 Hz
B
Zresolution: FFT-window l I resolution: FFT-window
o —
@ fedtime g - @ fixed position
> [l out of bounds >
Position and Time

Examples:
@ fingerprints of technical devices
@ earthquakes
@ microseismics: ocean waves
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/desy_UTC_2p218526_040018.619. tdns

end of cold linac

electric devices

cooling water pumps traffic noise (Rugenbarg)
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Teleseismic events

1l
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XFEL Improvements: Arrival Time Jitter

Spacial Arrival Time Budget

Photon generatiun

Electron Beam X-ray Photon Beam
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Beam Arrival Monitors (BAM) !

>

(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.
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Distributed Acoustic Sensing (DAS) :
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BAM

Bunch arrival-time monitor

RF pickup
>
JIN
=1’ Splittar electro-optical
< TS modulator P>—<_]ADC
optical
reference detectors

(curtesy: M.-K. Czwalinna)
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Arrival Time Jitter from time of flight and from AL
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0.2 Hz ocean waves (time domain)

XFEL BAM1932 - BAM414 [350:1200] — DAS [6614:8132] 2026-03-23 21h UTC
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0.2 Hz ocean waves seen in
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XFEL Performance Measure: Arrival Time Jitter
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XFEL Arrival Time Jitter Budget

DAS tunnel contribution (1 mHz — 1 Hz)
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The Movies B

@ Swift-Waves

@ A Swift-Concert
(Rainbow-Blobs)

untersuchen
"Swift-
Quakes"
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The Movies A Swift-Concert (Rainbow-Blobs) + A car on the Street
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The Movies Lightening 1+2
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Vision

Towards a permanent

Seismic Network for Accelerators

e Continuous monitoring of DESY and XFEL

e Automatic localization of disturbances

e Prediction of ground motion

e Integration into accelerator operation

e Condition monitoring using existing fiber infrastructure

Markus Hoffmann (DESY) Distributed Acoustic Sensing for Accelerator Stability 1BIC2026 31/33



	Space-Time Diagrams
	Football Games and Concerts
	Backup Slides
	The WAVE Collaboration




