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A scalable mapping system for superconducting“RF é@vities is presented. Currently,
itcombines local temperature measuremen th"oj) magnetic field mapping along the
outer surface of the resonator. This lows flie observation of dynamic effects that
have an impact on the supercondu gperties of a cavity, such as the normal
to superconducting phase transiti quench The system was developed for
a single cell 1.3 GHz TESLA }Dy < ity, but can be easily adopted to arbitrary

other cavity types. A data\a: ition rate of 500 Hz for all channels simultaneously

(i.e., 2ms acquisition thQ a complete map) and a magnetic field resolution of
currently up to 1 / uoe= 17nT has been implemented. While temperature
mapping is a well'known techmque in SRF research, the integration of magnetic field
mappmg the p ibility of detailed studies of trapped magnetic flux and its
impact 0 e surfage re31stance It is shown that magnetic field sensors based on the
aniso OI%ma toresistance (AMR) effect can be used in the cryogenic environment

with impreyed sensitivity compared to room temperature. Furthermore, examples of

ﬁﬁt ccegbful combined temperature and magnetic-field maps are presented.

eywbrds: SRF, Niobium, Meissner effect, magnetic field measurement, trapped flux,

h?gnetometry, AMR sensors, thermometry, quench
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I. INTRODUCTION

Superconducting radio-frequency (SRF)

a)Electronic  mail: oliver.kugeler@helmholtz- .. .
cavities are enabling components of many

berlin.de modern particle accelerators from spallation
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Publishingitron sources to CW free electrons x-ray

lasers. As CW applications become more and
more important, and repetition rates are in-
creasing to obtain higher beam currents, the
power dissipation in the cavity walls becomes
a major limiting factor, not only from a max-
imum performance point of view, but also
with respect to cost minimization. In the at-
tempt to push superconducting materials to
elevated performance, the degrading impact
of trapped magnetic vortices must be inves-
tigated, understood, and ideally eliminated.
Over the past years, several studies demon
strated in samples, in cavities and also 1n
module-like operation how beneficia a red

tion in trapped magnetic flux i 1s
lar, it was found that the level

is impacted by numerous para from
cooldown conditions to ial properties.

This laid the groundwork
: T(hus/ar most of the

- further, system-

atic 1nvest1gat10n
experimental WO 1es on fluxgate magne-

tometers to ea re the magnetic field dur-

ing cavit opgratl . These sensors measure
the mggnetic d/ component in only one spa-

tion&md average over their length of

t ;allySQO mm. In addition, they are costly.
er , previous studies applied only a
ita number of sensors, often only one.

Although much insight can be gained this

way, an extended, systematic approach has

to include effects originating from the global
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distribution of the magnetic field around a
cavity. Most notably, with a single 1D sen-
sor it is impossible to distinguish between a
change in absolute value and a change in di-

rection of a measurgll magnetic field vector.

Hence, a new a ble pe of sensor had

to be found ows for high resolution

\%p%n at cryogenic temper-

"€e~spat1a1 directions and as

magnetic

atures 1n a
a function ofstl e. Here, we present a suit-
array of sensors which utilize

e aniﬁg)?[opic magnetoresistance (AMR) ef-
fect at meets all of our requirements.

ermore, the magnetic field mapping was

-
ahly arra

comblned with temperature mapping®'? to
monitor phase transitions, quench events,
and local RF power dissipation during opera-
tion. Due to the flexible design of the system,
additional diagnostics such as oscillating su-
perleak transducers (OST)™!* can be added
to the basic setup in future tests. The focus

of this paper, however, is on the magnetic-

field mapping.

II. SYSTEM OVERVIEW

FIG.1 shows the basic setup of the di-
agnostics system mounted on a single-cell
cavity. It is surrounded by three pairs of
Helmholtz coils, one for each spatial di-
rection.  The temperature and magnetic

field sensors are mounted on printed cir-
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FIG. 1. Model of the cavity diagnestics sys-
tem. It is set up as an t@y to an insert
of a vertical cavity teSt s‘aand. holding struc-
ture allows to at%/ up 4( different temper-
ature or mag t@kasurement boards to
hre
£

Coil§,ére also attached to the insert

airs of mutually perpendicu-

such that the 6jwi v is in their center. These coils
ﬁ . . .

allow for g eneration of fairly uniform (< 5%

deviation‘within the cavity volume) background

st\ﬂp to 200 ppT. Additional fixtures are in-

tegrated into the structure to include additional

diagnostic devices, such as second sound sensors,

not discussed in this paper.

cuit boards which in turn are fixed to the
beam pipes with brass holders. The holders
provide 48 slots for arbitrary combinations

of temperature- and magnetic-field measure-

&

The data of lﬂjeas ment channels is

ment boards.

acquired using ime$partan devices'®. Each
device is l\eo\measuring 128 channels
with a ECSO jon down to 10pV using ana-

log to

igital Sonverters (ADC) and amplifier
h channel has a dedicated ADC

cﬁides.
t aLaJltipleXing is not needed. This al-
W r parallel sampling of all channels with

\a maximum sampling rate of 500 Hz of all
\

‘\\boards. No additional amplifiers were used

% inside the cryostat. The omission of multi-

plexing solved the problem of having to deal
with shadow signals created by capacitive
crosstalk that occurs when one measures dif-

ferent DC voltages with a fast multiplexer®®.

The following section will give a more de-
tailed explanation of the two types of mea-
surement boards with the main focus on the
magnetometry system. Also, the underlying
physics of the AMR effect and its application
in the magnetic field sensor will be explained.
The design of the dedicated printed circuit
boards (PCB) will be shown and the han-
dling and calibration of the sensors at cryo-
genic temperatures will be discussed. Finally,
initial results obtained with the system will

be presented.


http://dx.doi.org/10.1063/1.5030509

e I Iﬂ/’a ynetom ahiicrivhagipi g sfabepeddy Rbvcsii Bkl (Glick iese to see the version of record. |

Publishiiid. MAGNETIC FIELD MAPPING

Most of the recent SRF cavity experiments
on flux trapping were performed with a lim-
ited number of large 1D fluxgate magnetome-
ters. The number of used sensors as well as
the spatial resolution was limited. In the at-
tempt to upscale to a higher resolution 3D
mapping system, an alternative sensor type
had to be identified: first, to overcome the
size limitation of fluxgates, second, to keep
sensor-sensor interaction small, and third to

keep the system affordable.

However, these results applied only to sen-
sors of one specific supplier. Sensors made by
other manufacturers tended to fail after expo-
sure to superfluid helium. With the sensors
that were identiﬁe%xs cryo-compatible, 3D
field at cryogenic

aﬁ%\
temperatures an ring the superconduct-
ing transiti %@Qes possible. In order to
apply the

—
'‘Bs Wi)th design similiar to the ex-

mapping of the

ping«to superconducting cavi-

ture mapping boards were de-

Based on the comparison of dif\”%& The AMR Effect

—+

sensor types!”, magnetic sensors
anisotropic magnetoresistance effect (

were chosen. During initial t th& ame
evident that the used AMR se%&\{oﬂ great
potential: In compari n%ie previously
used fluxgate sensopé, theimanea is approx-
imately 0.7mm x 0. ,:n,,és opposed to a

M in fluxgates which

r spatial resolution. AMR

SEensors htly better field resolu-

tion te sensors and at a cost of
a fewy Oseach, they are significantly less
e ensiv§. Furthermore, their sensitivity was
Wd\ o improve when operated at cryogenic
témperatures and they did not show mechan-
ical damage upon several tests in cold. Their
full functionality was preserved over repeated

cycles between 1.8 K and room temperature.

4

The AMR effect is a quantum mechan-
ical effect whose macroscopic manifestation
was already discovered around 1850'%. It was
found that the electrical resistance of a fer-
romagnetic material varies depending on the
angle between the vector of an applied elec-
tric current and the direction of magnetiza-
tion. In general, the origin for the effect lies
in the combined action of magnetization and
spin-orbit interaction while the magnitude of
the effect is material dependent.'® 2.

The AMR effect can be utilized to mea-
sure magnetic fields. Here, a ferrite with a
defined preferential magnetization (easy axis)
and an externally applied electric current is
placed in the magnetic field that is to be
measured. If the applied field is parallel to
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FIG. 2. AMR sensor consisting of four single ferrit&n a_sN heatstone-bridge assembly (R,, Ry,

R., and R;). The sensor output is linearized by

M respect to the sensor orientation. The
etization in case of no applied magnetic field.

current flow to 45° (indicated by the red

sensor orientation coincides with the init

The measurement direction is perpen

the current, the ferrite’s elect, icﬂ\%t&a

takes on its maximum value. e

ﬂ'hﬁto
e
ce

plied

perpendicu-

i c
lar; the value reaches/ts mi im)m. Since the

¢ range of a few per-

change is usuallli//n
cent, typically four AMRs" are assembled in

a Wheatsto age configuration to form a

sensor as{shown 1

4

rationf the

FIG.2. In this configu-

{dependent output signal is

m )g\m ed t}cause it is no longer propor-

tignal td) the absolute change in resistance

‘% but to the relative change
N

AR
VZ)ut = ‘/0077

(1)

where V,; is the output voltage of the bridge

and V. is the supply voltage.

The resis-

batbér pole bias which offsets the angle of

and in-plane with the ferrite layer.

tance change due to the AMR effect follows
a cos?(©) function where © is the angle be-
tween magnetization and current

M- T

AR, i
~ cos” (©) = <—|M’]|I]> . (2)

with

M' = M + H,ppiiea- (3)

These three equations relate ﬁapphed to the
measured signal V. For simplified opera-
tion, shorting bars are placed at a 45° angle
on the ferrites to create a barber pole bias.
Thereby, current and magnetization form a
45° angle and the dependence of the bridge
output signal on the applied external mag-

netic field is linearized. The shorting bars are
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Publishi:mlg( displayed in FIG. 2. Their arrangement
within the Wheatstone bridge also eliminates
the ambivalence of the measured field value
due to the cos? dependence on the angle ©.
The actually obtained value is a projection
of the external field on the measurement axis
rather than the magnitude of the field: Since
the ferrites are made from thin films, the sen-
sor is insensitive to the out-of-plane compo-
nent of the H-field, and H-fields in the mag-
netization direction do not change the angle

©.

B. Available AMR Sensors

Reliable AMR sensors are c%:zeﬁ'al@‘ spect to the cavity coordinate system, where
e

available and produced in lar kﬁ{i 1es
due to their use in mobile ph(N y the

automotive industry. T, er&sieveral man-
ufacturers of ready-to-use “sgnsors. For the

£

purpose of this sefup we tested three sensors

liersythe KMZ51 produced

by Philips 501\/[ produced by ZETEX
and AFFY55 prodiueed by Sensitec.

Asfan initialgest, their performance in lig-

ui ..;ghg& ompared to room temperature

‘ stucf)edm. The KMZ51 sensor failed op-

of different s

?l'%tigl after repeated temperature cycles and

therefore excluded. The ZMY20M and
AFFT755 sensors both passed the test. How-
ever, the AFF755 sensor showed a higher sen-
sitivity. In addition, the AFF755 sensor in-

6

cludes coils for application of a test magnetic
field (test-coil) and for magnetization recov-
ery (flip-coil). Therefore, the AFF755% was
chosen for further characterization (Sections
IIID and IITE) and later for the mapping
sub

system. During
with cavities,¢none ‘of the AFF755 sensors
failed follg Lpﬁx{a ion in superfluid he-
lium. —
-
)
CCMa-ﬁnetometry Boards
L -

uent experiments

%aehieve a three-dimensional mapping,

sensors were positioned in groups of
three facing in r, ¢ and z direction with re-
z is the direction of the cavity axis. Five
AMR sensor groups were placed on one PCB
that follows the contour of the cavity in the
z-direction. One assembled board is shown
as an example in FIG. 3.

On each board, parallel connections are
used for the supply voltage of the 15 sen-
sors. The feed line is equipped with a low
pass noise filter. The test-coils as well as
the flip-coils are connected in series respec-
tively. Since the experiment is performed in-
side a cryostat, the supplies and the 15 sig-
nal lines are connected to the outside via one
commercial 41 pin feed-through per board.
Standard twisted or shielded ribbon cables

were used. For future experiments with an
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FIG. 3. Magneto{try boa “d/attached to a cav-
ity. The magpe '%\yec‘mr is measured at
five positi three grouped AMR sensors

4

nwmber of sensors, a new multi-

S UuSl

4

each.
-

inereas
p feed%hrough (1536 pins) is being built
ouse. It also allows for separation of sup-

p z;d signal lines.
In the first version of the boards, magnetic

sensors were fixed with standard dual in-line

package (DIP) plug-and-socket connections.

7

The later version which is currently being
commissioned uses directly soldered surface-
mounted devices. The plug-and-socket con-
nections are slightly more susceptible to me-
chanical stress but ?évertheless caused no is-

sues upon sever 4301 wn and warm up

cycles (= 10) \
D

D. ag ization and
Dem netiz?tl n

(The @IR sensors rely on a reproducible

{Jﬂcl’m-on of the external magnetic field with
t agnetization of the ferrites. There-

fore, the magnetic domains inside each fer-
ite must constantly remain aligned. How-
ever, (partial) demagnetization may occur
easily in sensors working at room tempera-
ture. Hence, the sensors provide integrated
coils to flip the magnetization back into the
original state. Thereby, the sensitivity is kept
at its maximum.

The coil can also flip the magnetization
into the opposite direction. Using the sensor
with both directions of magnetization allows
for a correction of any sensor related voltage
offset. This offset can be caused by e.g. slight
variations in the resistance of the single fer-

rites. The output then changes according to

V+_

out

S X Happliea + Vos
V. =

out

-8 x Happlied + VOSJ

where the super-scripted + denotes that the
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Publishi:mg; netization points into the positive direc-
tion, the super-scripted — denotes the oppo-
site direction and S is the sensitivity of the
sensor. Taking the difference or sum of these
equations allows for the distinction of the sig-
nal from external field and offset from the

sensor itself.

For experiments with SRF cavities, the
sensors have to be cooled down to cryo-
genic temperatures which impacts the mate-
rial properties. FIG. 4 shows the sensor out-
put voltage as a function of applied magnetic
field at room temperature and the same

tained in liquid nitrogen.

The field in this experiment wa;
150° with respect to the measdreme
rection. Therefore, besides the %ﬂge,
it provided a component poinﬁmg the
magnetization directio e%is) as well as
a component in me :12(3%% irection. By

setsseveral observa-

comparing the t

df% the sensor responds

tions can be

linearly to th lied field at low field val-
ectiéd.

the sifnal sta

ues, as e en the field is increased,

to deviate from a linear re-

saturation of the ferrite mate-
rial. At Boom temperature, demagnetization
\ﬂﬁg& ion of the magnetic domain bound-
aries) of the sensor sets in at ~ 480 pT. When
the magnetization is partially destroyed, the

signal decreases even though the applied field

is still increasing because the sensitivity of
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. FI 4.‘"Resp0nse of the AMR sensor at different
&\v:ﬂgeratures to an applied magnetic field bee-
\Tg

tate
L‘S ., rotated 150° with respect to the measurement
1_

ramped up and down once. The field was

direction. At room temperature, demagnetiza-
tion of the sensor starting at 480pT. At 80K,
no demagnetization occurred. Furthermore, the

sensitivity increased at the lower temperature.

the sensor decreases. Once the applied field is
ramped down, the output follows the steady
decrease with a constant sensitivity given by
the remaining sensitivity at the highest ap-
plied field value. The original sensitivity can
be recovered by using the flip-coil field to re-

establish the full magnetization.

At liquid nitrogen temperature, the sensi-
tivity of the sensor is increased given by the
steeper slope which will be discussed later.

Furthermore, even at high applied field no
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Publishidgnagnetization sets in. To achieve a mea-

surable change in the magnetization, a com-
paratively high field of about pyH = 800 puT
had to be applied (not shown in the figure).
At lower temperatures, this value is expected
to increase further. Since SRF cavity tests
are performed in significantly lower field-
strengths (oH < pe80Am™' ~ 100nT), it
can be concluded that no demagnetization
has to be taken into account during cold tests.

On the one hand, this result simplifies per-

forming the experiments. The use of the flip-

coil can be reduced to a single magnetizatio
k

/yﬁns
&,
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set-pulse prior to the cooldown. However,
the other hand, being unable to cha em. 5. Measurement of the sensitivity of an

netization means that the offsetof ﬁehﬁ
sor can no longer be determi de%@%k
Equation 4 which will be dicuss

Section IITE.

Q
O

For senser Rration, the test-coil that is
integrate@:le FF755 sensor can be uti-
d

her in

£
lized.(The a tage of this approach is that

norexternal coil is needed and the calibration
cgﬁ)srformed even when the boards are
%Qe to a cavity. The test-coil is small

and close to the bridge so that neither the

superconducting cavity nor the surrounding
magnetic shielding impact the calibration re-

sult.

AFFT55 sensor. The test-coil is used to apply
well defined magnetic field steps to the sensor
as displayed. Left: The output voltage as a re-
sponse to test-coil variation. Right: Averaged
output voltage vs applied field. The slope of this

curve is the sensitivity.

In addition, the magnetic field generated
by the test-coil only depends on the supply
current and the geometry of the coil and can

be written as

/’LOH:CXIa (5>

where C' is the geometry factor of the coil
which includes, for example, its length, the
number of windings, and the distance to

the sensor. Changes in C' due to thermal
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Publishisiginkage can be neglected, since this effect

amounts to about 0.6 % which is significantly
less than the variation in sensitivity from one
sensor to the next (see below).

The C values of each AMR sensor were
determined by use of a calibrated Helmholtz
coil (HC). Various HC fields amplitudes were
superposed with the field of the test-coil.
Each time the test-coil current was regulated
to cancel the HC field which resulted in the
output signal dropping to zero. A linear re-
gression was performed of the HC field versus
the test-coil current needed to cancel it.
slope of the regression yielded C'. We fo
that the C' values of the differen

showed only minor deviations and re
within a 5 percent range arou [g\
(0.249 £ 0.012 pN
Utilizing the test-coi awe determined
C parameters, each AMR Sensér can be cal-

e vefsus a change in

no

hted

mean: C' =

ibrated at any giyen

flux density. Te.achieye this, we applied dif-

ferent field le

s to the sensor changing them

in steps, ‘ag slown m FIG.5. The procedure

with the HC
graphs so}

! ‘inates from e.g.an asymmetry in ferrite

cribed in the previous para-

ields the offset voltage which

%ﬁst\ances. However, a calibration during
operation which is only based on the C' pa-
rameter cannot detect a change in the offset
voltage that can occur due to inefficiencies

in the magnetization procedure. Hence, at

10
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present only changes in flux density can be
measured, but absolute values at a precision
on the order of 5T, currently cannot be de-
termined. Solutions for this problem of deter-
mining the offset %mg operation are cur-

rently under inv atl The results ob-

lete mapping system,
ly“show magnetic field

""te-.a starting value which is

tained with

presented

changes re
-

quoted, as zers,

G

t not the absolute value.

NI‘bmperature-dependent
% ivity

The data in FIG.4 yielded an increase of

Gh“ sensitivity at lower temperatures. Hence, a

higher output voltage can be achieved for the
same supply voltage, see Equation 1 and the
sensitivity increases.

FIG. 6 displays measured values for the
sensitivity S of one sensor as a function of
temperature T'. It was measured from 1.5 K
up to 120K by using the test-coil of the
AFFT55 sensor. Since the sensitivity of each
sensor changes with temperature, it has to
be calibrated individually for each operat-
ing temperature. The calibration curve has
been taken for each of the 60 used sensors.
Each sensitivity vs. temperature curve falls
monotonically and looks similar, like the one
shown in FIG.6. The absolute sensitivity at

a given temperature, though, exhibits large
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FIG. 6. Measured values for the sensitivity S as

a function of temperature 7. It was measured

from 1.5 K up to 120K. Each point is the r

sult of a stair function calibration procedure\
n

N

described in FIG. 5.

differences. For 1.5 K, mean value an

dard deviation of all 60 sensorg'k ‘35%&16&—

sured to S = (330 % 130) pvm@ large

standard deviation ma es‘e%?eful individ-
I

ual calibration of eath sen

reliable operatioz./

N

IV. TEMPERATURE MAPPING
/

‘magnetic field mapping is comple-

e
stan-

 dnevitable for

4

T

ute
ta lished)technique to measure heating at the

temperature mapping, a well es-

?ayit.xwall during operation. While a mea-
ement of the helium losses or cavity qual-
ity factor integrates the heating of the cavity
over the whole surface, temperature mapping

can reveal local heating and variation of the

11

—

surface resistance.

The boards used in our setup were built
at DESY and were based on a system origi-
nally developed and built at Cornell Univer-
sity. Detailed paral?écers can be found in the
10-12

corresponding p tio

The main

the data qn')sitl

ed“in Section II.

1ange in the present system is
which omits multiplex-

Each ther-

ing as desc
-
mometer is réad out with a maximum sam-
p!@rate 500Hz. A complete map of
e CavLiE? can therefore also be obtained ev-
ery

18 without any crosstalk between ther-

ometers due to multiplexing.

V. FIRST RESULTS

This section will give a few examples of
first results obtained with the system to
demonstrate the capabilities of the AMR sen-
sors and the data acquisition system. All pre-
sented data was obtained in a vertical test as-
sembly with a single-cell TESLA-shape cav-
ity. FIG.7 indicates the positions of the at-

tached magnetic-field sensors.

A. Flux release during warm up

The first example shows the measurement
of trapped-flux release during warm-up of
the cavity due to the phase transition from

superconducting to the normal conducting
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FIG. 7. Positions.{&%éc sensors

(M) with a sketch

five groups o AM? ensors
of the phase f;o during a warm up process.
agnetig_se

C1

(C) and

Each yéor group measures the field

in radial,azimuthal, and axial direction.
ﬁ

ince this process is slow and steady,
a‘wery smooth change in magnetic field can
be observed as displayed in FIG.8. Prior to
the warm up, the cavity had been cooled in

1ol2Am=! ~ 15T applied field in the di-

12

N

l— H — H — H,|

5F T

e
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—

|
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|
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FIG. 8. Release of trapped magnetic flux at the
equator (M3 position). Over the course of this
measurement the temperature of the cavity in-
creased from 1.8 K to above the critical temper-

ature where the top of the cavity transitioned

before the bottom.

rection of €. on this specific board. Due to
the not yet resolved problem of offset cor-
rection all read-outs have been zeroed at the
start of the measurement. The equilibrium
values towards the end of the measurement
represent the magnetic flux leaving the loca-
tion of the sensor and re-entering the cavity.
The peaks in AH are a dynamic effect of the
cavity’s changing magnetization upon transi-

tion. Simulations?* indicate that this behav-
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IR T (9

FIG. 9. Temperatidre mapping of one half of the
cavity. Two quenieh spongs on opposite sides of
the cavity avere observed. Only half the cavity
was equipped with/T-diagnostics, with gaps for

the Bidiagnostics around 45° and 135°.

ior can best be explained by a propagating
nc/sc phase front rather than nucleation of

normal conducting islands.
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B. Temperature Mapping without
the need for Multiplexing

A second example demonstrates the per-
formance of the temperature mapping sys-
tem. Due to the gmission of multiplexing in
data acquisition;«the cavity can be mapped
as a whole.during a“quench, resolving the
evolution of thé«agsociated temperature map
in 2m§ steps, KIG.9 shows a measurement
wheére twowquelich spots appeared on opposite
sites-of the cavity surface (spaced by 180° in
the“unages) probably induced by multipact-
ing.."At the outset of the experiment, only
one quench spot was present. The second
spot appeared when RF-processing was per-
formed on the cavity. Hereby the cavity was
continuously operated at high field emission
levels, with the goal to diminish the source of

the field emission.

C. Flux release during quench

Finally, FIG. 10 shows an example for the
combination of temperature and magnetic
field measurement in the event of a quench.
The cavity had been field-cooled in 5T ap-
plied in the direction perpendicular to the
board (corresponding to the azimuthal direc-
tion at the board). After the cooldown, the

Helmholtz coil was switched off.

The upper figure shows the response of
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FIG. 10. Combined magnetic ﬁeld d temper-

ature measurement duri zmznch ) Re-
sponse of the three temp }at ensors in row

13. (b) AMR i 1n OV ! the quench spot.

eso

The noise at t e temperature curves

is a calibration 1fact

4

three (temperatire-sensors close to the ori-
gimof t
dr erentyzimuths. The change in magnetic

quénch at the same z position and

’ﬂ'b&l \measured with the magnetometry lo-
cated next to the quench, as measured by the
AMR in ¢ direction at M2 above the equator
is displayed in the bottom plot. The signal
was filtered for noise at 50 Hz and its higher
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harmonics.

The figure shows the correlation between
measured temperature and magnetic field as
the quench is expanding. The time between
onset of the quench %d full release of trapped

flux is in the order-ef 1 s. The dynamics

of the change m\netic field is resolved.

—
VI. UM RY AND OUTLOOK

)

VVe hav own that AMR sensor AFF755

b
tures

o cahbrate the sensor for relative changes

A resolution of 17nT

ed reliably at cryogenic tempera-

The built-in test-coil can be utilized

in magnetic field.
was achieved. The size of the averaged sen-
sor area is approximately 0.7mm x 0.8 mm
which is small compared to the size of a con-
ventional fluxgate magnetometer. Flux ex-
pulsion, trapping, and release during phase
transitions of SRF cavities or during quench
events can be measured.

In combination with temperature map-
ping, the local dynamics of the superconduct-
ing phase front becomes accessible at a max-
imum data acquisition rate of 500 Hz which
makes the presented system a powerful tool
for SRF cavity diagnostics.

Future steps will first target the absolute
measurement of the magnetic field at the sub-

1T level. For that purpose, the offset voltage

in each sensor must be determined as a part
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curve as shown in FIG. 4. For higher applied
magnetic field values, the sensor output devi-
ates from the linear response. The same ap-
plies for negative test-coil currents. By mea-
suring both sides of the curve, its symmetry
point can be determined. The distances of
this point from the zero on the ordinate and
on the abscissa hold the information on the
contributions to the offset due to internal sen-
sor asymmetries or external field. A calibra-
tion sequence implementing this approach is

currently being investigated.

Furthermore, a possible degradatio
to radiation must be investigated. \e\

@g
sors have been tested for aerospdce applica~
tion and achieved a radiation hardnags

10kGy?®. However, this value \obtained

na’mﬁi the readout
the*radiation — which

{up/ Since the AMR

over

in experiments that als

electronics exposed

is not the case for/ou

sensors themselves a assive devices a much

Emit is to be expected. Dur-

higher radiat

ted we found no limita-

tion s far. éver, the radiation hardness
agains euth)n and gamma radiation will be
i ludedSin further testing. In addition, the

ﬂgsra
~

tegting will be studied and the mechanical

ion of all materials during frequent

components as well as the circuitry will be
optimized.

Additionally, it is planned to integrate
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temperature and magnetic sensors on a single
board in order to eliminate “blind spots” in
the azimuthal direction. Finally, other types
of magnetic field sensors are investigated for
SRF application in £he medium term. The

use of GMR- utili

giant magnetore-
sistance effectgor éyehi TMR, sensors utilizing
the tunnel \&Qe istance effect will be
evaluated 1sesthey feature different sizes

as well,as dlﬂgre t sensitivities.
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