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Abstract 
One of the significant causes of residual losses in super-

conducting radio-frequency (SRF) cavities is trapped mag-
netic flux. The flux trapping mechanism depends on many 
factors that include cool-down conditions, surface prepara-
tion techniques, and ambient magnetic field orientation. 
Suitable diagnostic tools are not yet available to quantita-
tively correlate such factors' effect on the flux trapping 
mechanism. A magnetic field scanning system (MFSS) uti-
lizing anisotropic magnetoresitive sensors, fluxgate mag-
netometers, or Hall probes was recently commissioned to 
scan the local magnetic field of trapped vortices around 
1.3 GHz single-cell SRF cavities. In this contribution, we 
will present results from sensitivity calibration and the first 
tests of AMR sensors in the MFSS. 

INTRODUCTION 
Superconducting Radio-frequency (SRF) cavities are 

fundamental building blocks of modern particle accelera-
tors. Bulk niobium is a material of choice to fabricate SRF 
cavities. Due to the extensive research and development on 
niobium cavities, their performance is getting better. One 
of the sources of power dissipation on SRF cavities is re-
sidual losses. Several experiments show that trapped flux 
is one of the causes of the residual losses in SRF cavi-
ties [1, 2].  Cooling Nb cavities with higher temperature 
gradient at Tc results in less amount of trapped magnetic 
flux get, whereas cooling the cavity at smaller temperature 
gradients (ΔT< 200 mK) results in most of the residual 
magnetic field getting trapped within the superconductor. 
Flux trap mechanism also depends on the material prepa-
ration [2, 3]. However, there are several unknowns about 
the trapped flux. For example; what is the distribution of 
trapped flux on the cavity surface? How much magnetic 
flux gets trapped at a particular location? How this trapped 
flux behaves with high rf field? A magnetic field scanning 
system (MFSS) consisting of Hall Probes and Fluxgate 
magnetometers has been designed, built and commis-
sioned [4]. An alternative magnetic field sensor which 
could be used to measure the trapped flux on the surface of 
SRF cavity is an anisotropic magnetoresistive (AMR) sen-
sor.  In references [5, 6] authors showed that AMR sensors 

are suitable to work at cryogenic temperature and suitable 
for the trapped flux measurement. In this work, we have 
calibrated 16 AMR sensors. We used four of the calibrated 
sensors in the MFSS. We were able to detect the change in 
the local magnetic field resulting from the transition from 
normal conducting to superconducting state and the 
amount of trapped flux around the cavity surface. 

AMR SENSOR 
Anisotropic magneto-resistive effect is a quantum me-

chanical effect whose origin lies on the combined action of 
magnetization and spin orbit interaction. If we keep the fer-
romagnetic material in an external magnetic field its re-
sistance changed. This change in resistance of ferromag-
netic material upon application of magnetic effect is called 
AMR effect. The change in resistance depends on the di-
rection of the applied current and magnetization direction 
of the material. Anisotropic magneto-resistive effect in 
nickel and iron was first observed by W. Thomson in 
1857 [7]. Each AMR sensor consists of four AMR ele-
ments in a Wheatstone bridge configuration.  

AMR elements are built in barberpole structure so that 
the direction of the applied magnetic field can be identi-
fied. A commercial AMR sensor (Sensitec, AFF755B), 
which has already been used for magnetic field studies of 
SRF cavities [5] was considered in this study. A schematic 
detail of AMR sensor is shown in Fig. 1. The single-axis 
AMR sensors also have a flip coil and a test coil. To initial-
ize the magnetization of AMR elements in one direction, 
the flip coil can be used. The test coil can be used to test 
the performance of AMR sensor.  

 
Figure 1: Schematic diagram of AMR sensor. 
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EXPERIMENTAL STEUP AND 
EXPERIMENTAL PROCEDURE 

AMR sensor calibration setup consists of  Helmholtz 
coils, a printed circuit board, liquid helium Dewar, a single 
axis fluxgate magnetometer, a Mag01-H, a pulse current 
source, a direct current source, and a digital multi-meter. 
Figure 2 shows the schematic diagram of the calibration 
setup.   
 

 
Figure 2: Schematic diagram of AMR sensor calibration 
setup. 

Calibration was done in the following steps: 
1. Initially, we kept the external magnetic field as low as 

possible (Bext ~1 mG).  
2. We cooled the sensors at desired temperature by 

keeping them in liquid helium dewar. 
3. We applied 150 mA of positive pulse current of pulse 

width 200 µs to initialize the magnetization of the 
AMR sensor.  

4. We measured the voltage and take that voltage as 
offset voltage (Voffset). 

5. We increased the external magnetic field by ΔBext and 
measured the voltages (Vamr) from each AMR sensors, 
and we also measured the applied external magnetic 
field.  

6. We repeated step (5). 
After calibration was done, we plotted the V=|Vamr-Voffset| 

vs. Bext. The slope of that plot gave sensitivity of AMR 
sensors. After calibration, we installed four AMR sensors 
in the magnetic field scanning system, in such a way to 
measure the magnetic field component normal to the cavity 
surface. More detail about the magnetic field scanning 
system can be found in reference [4]. Figure 3 shows the 
schematic diagram of MFSS with AMR sensors. 
Figure 4 (a) shows the photo of MFSS attached in a single 
cell 1.3 GHz niobium cavity, and Fig. 4 (b) shows a 
enlarged image of four AMR sensors in a bracket. To test 
the performance of the AMR sensors we did several 
experiments. In first experiment, we applied the external 
magnetic field of ~100 mG along the cavity axis and we 
measured the applied field using three 
fluxgatemagnetometer. After that we did fast cool-down 

through Tc. During fast cool-down we measured the 
magnetic field using four AMR sensors. During first test, 
all  AMR sensors were kept at fixed locations. In another 
experiment we applied the external magnetic field of 
~100 mG along cavity axis at temperature T>Tc , we 
performed a slow cool-down through Tc. Once the 
temperature of the cavity reached below Tc we decreased 
the external magnetic field to ~1 mG, after that we 
performed the magnetic field scanning around the cavity 
surface in the following ways. First, we kept the sensors at α=0º azimuthal position and we measured the magnetic 
field at that particular position. After that we increased the 
azimuthal angle by Δα=10º and again measured the 
magnetic field. We repeated these steps until we reached  
α=360º azimuthal position. 

 

 
Figure 3: Schematic diagram of MFSS with four AMR 
sensors. 

 
Figure 4: (a) MFSS with AMR sensors in 1.3 GHz Tesla 
shape single cell cavity, and (b) four AMR sensors in a 
bracket. 

RESULTS AND DISCUSSION 
Figure 5 shows the offset voltage versus temperature of 

sixteen AMR sensors at different temperatures. Average 
offset voltage at four different temperature for 16 sensors 
is 1.25±0.47 mV. Figure 6 shows the sensitivity versus 
temperature of all 16 AMR sensors. The average sensitivity 
of all 16 sensors is ~178 µV/µT. The standard deviation of 
sensitivities at particular temperature is within 2%. 
Figure 7 shows the magnetic field measured by four AMR 
sensors versus time and temperature vs time during fast 
cool-down. The external magnetic field during fast cool-
down was ~100 mG. Since AMR1 and AMR4 were at 35º 
with respect to the cavity axis, and AMR2 and AMR3 were 
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at 66.4º with respect to the cavity axis, the magnitude of 
magnetic field measured was different. From this plot it is 
also clear that magnetic flux density decreased at the field 
along a parallel of each AMR sensors. AMR4 was near the 
upper beam tube, and was tilted by 35º with respect the 
cavity axis. Similarly, AMR1 was near the bottom beam 
tube, and was tilted by 35º with respect to cavity axis.  
Since, we had applied ~100 mG external magnetic field 
during slow cool down, the maximum field that could have 
been trapped at the parallels of AMR1 and AMR4 is 
cos35º×100 mG ~82 mG. From Fig. 8 it is clear that at 
parallels of AMR1 and AMR4 almost 100% of applied 
magnetic field was trapped during slow cool-down. 
Similarly the AMR2 was located just below the equator 
and had 66.4º with respect the cavity axis, and AMR3 was 
located just above the equator and had 66.4º angle with 
respective to the cavity axis. At the corresponding parallel 
of AMR2 and AMR3 the ideal trap flux amount would be 
cos66.4º×100 mG ~40 mG. However, from measurement 
it was observed that around 25 mG of field had trapped.  

 

 
Figure 5: Offset voltage vs. temperature. 

 

 
Figure 6: Sensitivity vs. temperature. 

 

 
Figure 7: Magnetic field vs. time and temperature vs. time. 

 
Figure 8: Trapped magnetic field vs. azimuthal. 

SUMMARY AND OUTLOOK 
We have successfully calibrated 16 AMR sensors at four 

different temperatures. The average sensitivity of all 
sensors is 178 µV/µT. The standard deviation of the 
sensitivities at a particular temperature is within ~2%. The 
offset voltages of AMR sensors at different temperatures is 
different. The variation could be up to 35% i.e., offset 
voltage heavily depend on temperature. AMR sensors 
installed on a MFSS were able to detect the 
superconducting transition of niobium cavity and to 
measure the trapped flux around the niobium cavity 
surface. The amount of the trapped flux on the cavity 
surface was not uniform. At parallels of AMR1 and AMR4 
almost 100% flux got trapped whereas at parallels of 
AMR2 and AMR3 only 60% of magnetic flux got trapped. 

In future we are planning to install AMR sensors in final 
setup of MFSS. Also, we are planning to build a combined 
magnetic and temperature mapping system for 3 GHz 
cavities using both  AMR sensors and temperature sensors. 
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