
Next Steps
• regions with reduced coverage confirmed

⇒ additional supporting rods with OSTs

• position measurement of resistors results in uncertainty of Δ𝐷

⇒ more precise mounting and position measurement desirable 

• Δ𝐷-map for eight different regions of the cavity equator 

⇒ further calibration measurement for more detailed Δ𝐷-map
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Quench Reconstruction
Superconducting radio frequency cavities made of niobium

play a pivotal role in particle acceleration, but their

performance is often limited by quenches. These local

breakdowns of superconductivity are mainly caused by locally

exceeding the critical temperature or the critical magnetic field

of the material.

Trilateration Algorithm
Applying the trilateration algorithm, the quench spot is located

by minimizing the following root-mean-square error as a

function of the unknown quench spot 𝑥. Thus, the intersection of

the detected signals is found.

Typical Sensor Arrangement

Comparison of RMSE and 𝚫𝐃
So far, the RMSE of the trilateration algorithm was considered

as an indicator of the reconstruction quality. By comparing

RMSE and Δ𝐷 the following observations were made:

• sensor coverage (blind areas) only captured by Δ𝐷

• no clear correlation found between RMSE and Δ𝐷

Accordingly, it is not recommended to evaluate the

reconstruction quality solely based on the RMSE. Instead, the

𝚫𝑫-map should be utilized.
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SRF cavity

1.3 GHz single cell OSTs

• four supporting rods around the cavity equipped with OSTs

• three layers of sensors symmetrical around cavity equator

Due to the heat dissipation of a quench, a

second sound wave is generated

propagating within the superfluid helium

used to cool the cavity. Such signals are

detected by oscillating superleak

transducers (OST) and reconstructed

based on trilateration or ray-tracing

algorithms.
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Calibration Tool Setup
Simulating the heat dissipation of a cavity quench, second sound

signals can be artificially generated by pulsing ohmic resistors.

Analogous to a quench spot, the positions of such resistors are

reconstructed based on the trilateration algorithm.

Calculation of 𝚫𝐃

Using the calibration tool, the signal origin is well known. Hence, the

reconstruction quality can be quantified by Δ𝐷 reflecting the

absolute distance between the reconstructed and true coordinates

of the resistors:
The best signal quality was achieved using power film resistors

(MP9115) with a resistance of about 50 Ω. Note that their white

heat dissipating surface was turned towards the sensors.

reduced 

coverage

Systematic effects, like areas with reduced sensor coverage,

are clearly captured by large Δ𝐷-values.

Based on these reconstruction results obtained by using the

calibration tool, a first Δ𝐷-map was created.

Angular Distribution of 𝚫𝐃
In four test runs, resistors attached to the equator at

different angles around the cavity are heated by short

electric pulses. Their position is reconstructed based on

trilateration and compared to the true coordinates, yielding

the following Δ𝐷-values:
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𝚫𝐃-Map
Using the table below, the reconstruction quality of quenches is

quantified based on the following steps:

1. quench position is reconstructed in cylindrical coordinates

2. the angular coordinate of a quench in proximity to the cavity

equator is determined relative to the sensors

3. the uncertainty of the quench reconstruction is estimated by

the maximal Δ𝐷-value of the corresponding region

theoretical distances 𝐷𝑖 between quench 

spot 𝑥 and sensor positions 
propagation distances 

𝑟𝑖 of second sound 

signal

average over all 𝑛 used sensors

Δ𝐷 = 𝑥𝑡𝑟𝑢𝑒 − 𝑥𝑟𝑒𝑐𝑜𝑛

additional 

sensors

*The specified uncertainties result from the position

measurement of the resistors.

According to this estimated coverage of the cavity surface, two

areas with reduced coverage are suspected around 170° and

360° respectively. Resistors mounted within these blind

regions lead, as expected, to reconstructions with large Δ𝐷-

values indicating a distortion of up to 33.6 mm.

Sensor Coverage
Assuming that each OST covers an angle of 120° at the cavity

equator, the following sensor coverage (in plain view) is

estimated:

Summary
For the first time at DESY artificial second sound waves were

generated by heating power film resistors with short electric

pulses. After reconstructing the signals based on trilateration,

the quality of this method is estimated by comparing the

reconstructed and true coordinates of the ohmic resistors.

Considering the Δ𝐷-values of all reconstructions performed with

the calibration tool, a 𝚫𝑫-map was created to quantify the

reconstruction quality of actual cavity quenches.


