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Can we use the QPR to test 

theoretical models?

Yes, we can!



Outlines
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Measurements
Results
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Rs

Bpk

? 𝑯𝒆𝒙𝒕

Pros&Cons

bulk vs film



QPR and measurement 

technique
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RF performances characterized 

via a quadrupole resonator
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𝑹𝒔 =
𝟐𝝁𝟎

𝟐(𝑷𝑫𝑪𝟏 − 𝑷𝑫𝑪𝟐)

𝒔𝒂𝒎𝒑𝒍𝒆
|𝑩|𝟐𝒅𝑺

Calorimetric technique
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QPR pros&cons
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Multi-frequency operation: 

ideal for basic studies

Small samples are easily 

made and exchanged

Samples are more cost 

effective than cavities

Easy and quick thermal 

cycling

Limited max RF field 

depending on the 

frequency mode

Limitations on the 

minimum Rs measurable

Microphonics
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Results: bulk Nb sample
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RRR≈300 – electro polished – water rinsing
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Linear dependence of Rs with the 

peak RF magnetic field
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𝑩𝒆𝒙𝒕 ≈ 𝟎

𝑩𝒆𝒙𝒕 ≈ 𝟎. 𝟓𝟒 𝑮

𝑩𝐞𝐱𝐭 ≈ 𝟏. 𝟏 𝐆

𝑩𝐞𝐱𝐭 ≈1.6 G
𝑩𝒆𝒙𝒕 ≈ 𝟐. 𝟏 𝑮

𝑩𝐞𝐱𝐭 ≈2.9 G

𝑹𝒔 = 𝑹𝒔𝟎 + 𝑹𝒔𝟏 ∗ 𝑩𝒑𝒌

𝑩𝒆𝒙𝒕



Different sensitivity for different 

external field ranges
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19 nΩ/G 4.1 nΩ/G
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52.6 nΩ/G
9.8 nΩ/G

The same behaviour for the 

higher order modes

11November 9th 2018
TTC Topical Workshop on Flux 

Trapping, CERN 2018

32 nΩ/G 6.8 nΩ/G

the sensitivity increases with the frequency



Two different possible scenarios
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1.
sensitivity 
saturation

2. trapped 
flux 

saturation



Let’s focus on scenario 2
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1.
sensitivity 
saturation

2. trapped 
flux 

saturation



Scenario 2: flux expulsion efficiency

depends on external field
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𝑺 =
∆𝑹𝒔𝟎

𝜺𝑩𝒆𝒙𝒕

𝑩𝟎 = 𝜺𝑩𝒆𝒙𝒕

Here a fixed S at 

zero peak RF field 

is assumed



The sensitivity increases linearly 

with the peak RF field
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𝑺 = 𝑹𝒇𝒍𝟎 + 𝑹𝒇𝒍𝟏 ∗ 𝑩𝒑𝒌



Both Rfl0 and Rfl1 increase with 

frequency
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More data points are required

for a proper model comparison
See R. Vaglio’s talk 



Rfl1 increases with Rfl0
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See R. Vaglio’s talk 



Results: Nb/Cu sample
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Fine grain copper – ECR coating – water rinsing
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Linear dependence of Rs with 

the peak RF magnetic field
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𝑩𝒆𝒙𝒕 ≈ 𝟎

𝑩𝒆𝒙𝒕 ≈ 𝟐. 𝟏 𝑮

𝑩𝐞𝐱𝐭 ≈2.9 G

𝑹𝒔 = 𝑹𝒔𝟎 + 𝑹𝒔𝟏 ∗ 𝑩𝒑𝒌

𝑩𝒆𝒙𝒕



No saturation observed 

for the Nb/Cu sample
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Nb/Cu samples are less 

sensitive to trapped flux

21November 9th 2018
TTC Topical Workshop on Flux 

Trapping, CERN 2018

More data points are required



Conclusions and outlooks
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QPR potential for 
flux trapping studies

Measurement setup 
to be improved

Systematic 
investigation





Spare slides: bulk Nb sample
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Data at 800 MHz
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Data at 1200 MHz



Spare slides: Nb/Cu sample
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October 9th 2018
8th international workshop on 

thin films and new ideas for SRF
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Data at 800 MHz



October 9th 2018
8th international workshop on 

thin films and new ideas for SRF
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Both Rfl0 and Rfl1 increase 

with the frequency


