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Abstract

Recently, Cornell University has developed a new high-

speed, high-resolution temperature mapping system that

can resolve the time dynamics of RF dissipation, i.e., pro-

vide high-speed videos of the surface heating across the

entire surface of the cavity. This new powerful tool allows

to observe rapid changes in the local RF dissipation, as

well as to resolve the dynamics of quenches, field emission

processing, and other cavity events, giving new insights

into these. This contribution presents the development of

this new high-speed temperature mapping system, discusses

its commissioning and extensive performance testing (e.g.,

demonstrating micro-Kelvin resolution), as well as show

intriguing high-speed temperature mapping results from

multiple Nb3Sn cavities.

INTRODUCTION

Temperature mapping is a useful tool in understanding

Superconducting Radiofrequency (SRF) cavity performance

and limitations. This diagnostic technique involves plac-

ing numerous thermometers (often 100’s) on the outside

of an SRF cavity and measuring the heating of the outer

cavity wall during operation. Areas of increased temper-

ature can reveal the location of cavity quench or areas of

increased resistance that lowers the cavities quality factor.

These locations can then be investigated to determine what

is responsible. In addition, temperature maps can reveal im-

portant information about the quench source or even identify

the problem without subsequent measurements: the heat

shape/distribution itself can indicate the quench culprit or

heating source and heating distributions of many common

problems are known [1]. Figure 1 show several examples

of temperature maps and their culprits. The understanding

provided helps overcome limitations in SRF cavities.

Temperature mapping of SRF cavities can be traced back

to the 1980’s when Cornell University developed a tempera-

ture map for 1.5 GHz cylindrical pill-box cavity [2]. Subse-

quently, Cornell and other institutions developed tempera-

ture maps elliptical cavities and other geometries [1, 3–5].

Temperature mapping has become a key tool in SRF and

new systems continue to be developed [6, 7].
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(a) A quench map of a Nb3Sn cavity taken with the old tem-

perature mapping system [8,9]. The hot spot in the lower right

indicates a localized thermal quench. Quench maps are ac-

quired by allowing the cavity to quench many times and slowly

measuring each sensor so that several quenches are measured

on each channel. Places that are on average hotter are likely the

quench site. The plot is displayed as integrated temperature.

White squares with red x’s indicate non-functional thermome-

ters.

(b) A temperature map of a Nb3Sn cavity with field emitter.

The field emitter is indicated by the vertical line of heating

seen in the upper right. White squares indicate non-functional

thermometers.

Figure 1: Example temperature maps. These maps are read

like a map of the world. The horizontal middle line is the

equator of the cavity, and the top and bottom are the irises

of the cavity.

Current temperature mapping systems take several min-

utes to read out the temperature of the entire array. This

makes the systems effectively capable of only taking long

exposure pictures and they cannot resolve dynamic effects.

Many SRF cavity processes are dynamic: charging a cav-

ity takes ∼ 1 s, cavity quench takes place on time-scale of

0.1 − 10 ms, and D. L. Hall et. al. observed sudden, fast

temperature jumps at the quench site of Nb3Sn cavities that

are speculated to be related to cavity quench [8, 9]. Measur-

ing dynamic processes may provide important insights into

the cause of quench or other performance problems in SRF

cavities.

20th Int. Conf. on RF Superconductivity SRF2021, East Lansing, MI, USA JACoW Publishing
ISBN: 978-3-95450-233-2 ISSN: 2673-5504 doi:10.18429/JACoW-SRF2021-TUOFDV05

Fundamental research and development

TUOFDV05

349

C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

4.
0

lic
en

ce
(©

20
22

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I



The measurement speed of current systems are limited

by their Data Acquisition (DAQ) electronics. Most of these

systems rely on 1 or 2 high quality digital to Analogue to

Digital Converters (ADC’s) in their readout electronics. The

ADC’s are multiplexed to the thermometers and are read

out in series. The single cell 1.3 GHz elliptical temperature

map at Cornell University has 649 thermometers that must

be read. Reading out these sensors one at a time is slow and

sensors are not measured simultaneously, causing drifts in

the helium bath temperature or slow temperature rises to

distort the readout.

Recently, we have developed new DAQ electronics that

has a dedicated ADC for each thermometer and can read

the entire temperature map at 50 ksps. This allows for the

measurement of dynamic effects and is sufficiently fast to

measure the evolution of quench in SRF cavities. In addition,

the new systems achieves very low noise in its measurement,

as low as 15 µK depending on the mode of operation. Read-

ing out helium bath temperature and cavity wall temperature

simultaneously also allows for the correction of any helium

bath temperature drifts during the measurement.

Here we discuss setup and capabilities of the system and

show several examples of dynamic heating measured in

Nb3Sn cavities. Due to space limitations, details of the elec-

tronics and firmware will be limited and will be published in

a subsequent paper. Discussion of Nb3Sn measurements will

focus on demonstrating the new system; scientific discussion

of these measurements is discussed in another paper [10].

SYSTEM SETUP

The test system consists of a vertical test pit for testing

superconducting RF cavities, temperature map, and data

acquisition electronics. The overall setup of the temperature

mapping system is shown in Fig. 2. Two crates of data

acquisition boards sit on the warm side of the system. The

DAQ boards are connected to the T-map by twisted pair

ribbon cables. Cernox sensors, fluxgate magnetometers,

and all standard equipment for RF testing at Cornell is also

connected [9]. Additionally, the T-map DAQ boards are

connected to the trigger output of Boonton 4542 RF Power

Meter.

Figure 2: Diagram of experimental setup showing connec-

tion between T-map, DAQ, and power meters.

Temperature Map

To upgrade our system for high-speed/dynamic temper-

ature mapping we only replaced the DAQ electronics. The

remainder of the system has not been changed and has been

detailed in previous work. Jens Knoblochs Ph.D. disserta-

tion details the creation of a 1.5 GHz cavity T-map at Cornell

and includes details on the thermometer design [1]. Sub-

sequently, the 1.3 GHz T-map we use here was created [3].

This 1.3 GHz T-map differs only in the shape so that it fits

the cavity geometry, and the removal of thermometers on

the cavity beam tube. Here we provide light details on the

system.

The temperature map consists of 38 printed circuit boards

fitted around the cavity (see Fig. 3a). Each board holds

17 thermometers in small holders. The board is shaped so

that the thermometers are pressed flat against the cavity and

spaced from iris to iris (see Fig. 3b). In addition, 3 boards

have a bath thermometer mounted on the side of the board

that does not touch the cavity wall and measures the he-

lium bath temperature. A small amount of thermal grease

(Apiezon N-type) is applied to the thermometers and the

boards are pressed against the cavity. Each thermometer is

mounted on a springed pogo stick so that a. contact against

the cavity wall is maintained and b. a relatively fixed and

equal force is applied on all thermometers. Each thermome-

ter is connected to the printed circuit board by manganin

wires.

Due to the expense of off-the-shelf cryogenic thermome-

ters, thermometers are made in-house. Allen-Bradley carbon

resistors are used as thermometers because their resistance

depends strongly on temperature at cryogenic temperatures.

Typical Allen-Bradley resistors we use have a resistance

change of 5 − 10Ω/mK at 2 K. These sensors come in a

barrel casing. Part of the casing is filed off on the side that

faces the cavity wall. This improves the sensitivity of the

sensor to the cavity wall temperature. Additionally, the sen-

sor is surrounded in a G10 housing and Stycast to provide

physical support and to shield the sensor from the helium

bath (see Fig. 3c).

Data Acquisition System

Temperature measurements are conducted by measuring

the voltage drop over the thermometers (∝ resistance). All

thermometers are connected in series with a 1 MΩ resistor

(within DAQ boards) and biased with a stable 6 V power

supply. This creates a simple current source. The voltage

is measured (details below) across the thermometer at the

DAQ boards. This measurement includes additional sources

of resistance, such at the twisted pair cables, but these are

accounted for in the calibration. A calibration curve is made

and used to convert the measured voltage to temperature

(shown later).

There are 23 DAQ boards (can be scaled up) in two crates.

Each DAQ board can measure 32 channels/thermometers.

This gives 732 channels connected to 649 thermometers.
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(a) Picture of the 1.3 GHz

temperature map attached

to a single cell cavity.

Twisted pair ribbon cables

have not yet been connected

(b) Partially removed T-

map boards showing loca-

tion of sensors on cavity.

(c) Diagram of a thermome-

ter [1]

Figure 3

Due to the pre-existing wiring, 83 channels are not connected

to thermometers at the moment.

Each crate contains one leader board and 10/11 follower

boards. A backplane in each crate provides power and the

thermometer bias voltage to the boards and contains several

interconnects (principally trigger and ADC clock synchro-

nization). The leader board is responsible for sending a

trigger signal to each board in the crate. The leader board

can be triggered through ethernet, or through an external

BNC connection. In addition, the leader board in Crate 1

sends a trigger signal to the leader board in Crate 2, ensuring

both crates trigger simultaneously.

Each DAQ board contains a Mars ZX2 SoC module (com-

bined FPGA and Programmable System/CPU module), 4

Analog Acquisition (daughter) Boards, ethernet connection,

and additional ports for control and diagnostics. The Mars

ZX2 SoC module runs embedded Linux and is responsi-

ble for accepting outside commands, configuring the system,

running data acquisition, and writing data to external storage.

Each analog acquisition boards collects data from 8 chan-

nels/thermometers and contains an Programable Gain Instru-

mentation Amplifier (PGIA), a fixed Differential Amplifier

(DA) (gain = - 5), and an ADC (24-bit, 144 kHz).Voltage

signals from thermometers enters the PGIA where (config-

urable) gain and voltage offsets are applied, it then goes

through the fixed amplifier and is then digitized in the ADC.

The software and firmware architecture for the data ac-

quisition system has three layers. The first layer consists of

programable logic in the FPGA. This layer is responsible

for controlling the ADCs in order to acquire data at the re-

quested rate and store it into a fast Block RAM buffer. This

buffer is small and can only hold 2048 points from each

channel. It must be emptied quickly to prevent data from

being overwritten. The second layer of firmware runs on

the Programmable System and is responsible for moving

data from the buffer to DDR3 RAM in the Mars ZX2 SoC

module. Currently, the maximum data acquisition rate is

set at 50 ksps and gives the programmable system sufficient

time to transfer the data. The maximum acquisition time is

limited by the DDR3 RAM storage to ≈ 60 s when running

at 50 ksps. After data acquisition is complete the data is

transferred to a network drive location via ethernet. The fi-

nal level is client software written in MATLAB and running

on a PC. This system transfers user commands to the DAQ

boards.

An additional configuration step is run to synchronize the

clocks of each individual ADC. Each ADC has an internal

clock that determines when it will take its first measurement.

Offsets between these clocks cause the measurements to

start at slightly different times. To correct for this the leader

board in crate one sends out a timing signal to all ADCs. The

acquisition time windows are aligned using a special aperture

trigger. This aligns the ADC clock to sample at the same

time. After this is done the maximum offset between triggers

is 20 ns, which is determined by the distance the signals have

to travel. The offset is much less than the minimum sample

time of 20 µs [11].

DATA ACQUISITION PROCESS

Here we detail the data acquisition process we are using

for the T-map. It consists of three main parts: calibration,

RF-off measurement, and RF-on measurements. In addition,

we discuss some of the typical data post processing. This

information is needed both to understand the T-map results,

and to understand noise analysis in the next section. In

addition to T-map measurements, we measure the quality

factor vs field and temperature for the cavity.

To convert voltage to temperature a calibration curve must

be made for each thermometer. The calibration is created by

measuring both the T-map (25,000 points each in 1 s) and a

calibrated Cernox sensor (at the cavity equator) from 4.2 K

(in liquid helium) down to just below the lowest measurement

temperature without applying RF to the cavity (at the time of

measurement). As long as the cooldown rate is slow enough

there should not be a significant temperature gradient from

the top of the T-map to the bottom. These measurements

are taken roughly every 0.05 K during the cooldown. The

resulting curve is fit to a modified regression model of a semi-

metal: � (�) = �0 −�∞�
�

� [11–13]. An example calibration

curve and fit is shown in Fig. 4. The resistance of these

thermometers changes significantly when thermal cycled to

room temperature, and they must be calibrated every time

the T-map is used.

At desired measurement temperatures two 20 s T-map

measurements are taken with the RF power off (RF-off).

This serves two purposes. The difference of the two RF-off

temperature maps is used to find broken channels: the differ-
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Figure 4: Example calibration data for the temperature map.

Fit model shown in red.

ence should have a mean close to zero, and some statistical

noise (when analyzing time data) on each channel. Channels

that lie outside of normal bounds are determined to be faulty.

In addition, the RF-off measurements reveal the offset be-

tween a T-map sensor and a bath sensor, so the offset can be

corrected.

RF-on T-maps are taken with the power on. These can be

one of two forms: static or dynamic. For static T-maps the

cavity is charged, allowed to reach equilibrium, and short

T-map is taken. This is the equivalent of older T-maps, but

our new system can achieve much better temperature reso-

lution (down to 15 µK at 1.8 K). For the dynamic T-maps

shown here, the T-map is configured for a long measurement

(e.g. 20 s) at 25 ksps or 50 ksps) and to trigger off the RF

power meter; the RF power meters are configured to tirg-

ger off a rise in measure forward power; and the power is

turned on causing the power meters and T-map to trigger

simultaneously and both the RF power and temperature is

recorded.

The final temperature map data is calculated as a differ-

ence in temperature, Δ� , between the T-map temperature

and the bath thermometer. An additional correction is ap-

plied of the difference between T-map thermometer and the

bath thermometer during an RF-off measurement. This helps

remove any offsets from the calibration. Figure 5 demon-

strates the importance of correcting for the bath temperature.

The helium bath is warming because of heating during the

measurement, and there is a 300 µK oscillation in the temper-

ature. This oscillation is caused by a control loop opening

and closing a valve to try to keep the temperature in the test

Dewar constant.

Δ� (�, � , �) = ��� (�, � , �) − �����,��

−
(

���� (�, �) − �����,���

)

(1)

NOISE AND UNCERTAINTY ANALYSIS

An important figure of merit of a temperature mapping

system is the measurement uncertainty. If we want to mea-

Figure 5: Temperature of 3 bath sensors during an T-map

acquisition at 1.8 K. Some smoothing applied and mean

values subtracted. Note the 300 µK oscillations caused by

the cryogenics system.

sure low heat phenomena (low field resistance, etc.) we need

low uncertainties, and some dynamic effects may result in

only small changes. There are three main uncertainties in

the system that we will consider: measurement noise, cali-

bration uncertainties, and sensor sensitivity to cavity wall

temperature. Overall the noise is low compared to our pre-

vious system.

After correction for bath temperature oscillations there

are two main sources of nosie [11]: 60 Hz noise from outside

sources, and noise from the PGIA amplifier and offset. 60 Hz

is fairly small in the system and can easily be filtered in the

frequency domain if needed. A breakdown of noise from the

electronic components is shown in Fig. 6. Noise from the

PGIA is the most significant source. Since these electronics

are on the warm side, the operation temperature makes no

difference in the overall noise. The PGIA noise depends

on frequency and increases as the sample rate does. In

current configuration of the T-map the standard deviation

of the noise is ≈ 30 µK at 1 ksps, increasing to ≈ 150 µK at

50 ksps.

The calibration curve provides another source of error.

We have computed standard deviation estimates of our fit

values and temperature readings [11]. An example for one

thermometer is shown in Fig. 7 and is fairly representative

of all thermometers. The standard deviation varies with

temperature and is ≈ 15 µK at 2 K.

Figure 8 show standard deviation and mean values for all

thermometers when two RF-off measurements (at the same

bath temperature) are used in Eq. 1. Ideally, the resulting

value would be zero. This gives us an idea of the statisti-

cal (mean of standard deviation) and systematic (standard

deviation of mean) noise in the system, 154 µK and 14 µK

respectively at 1.9 K.

These two measures of uncertainty demonstrate a great

improvement in our temperature mapping system. Our old

system, when averaging over several measurements could

only achieve an uncertainty of ≈ 1 mK. With the lower noise
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Figure 6: Modeled noise contributions of electronic com-

ponents of the T-map DAQ electronics [11]. The noise is

dominated by contributions from the amplifiers. Noise from

other components, such as the ADC, are negligible.

Figure 7: Calibration curve and uncertainty of calibration

of a T-map thermometer [11].

Figure 8: A scatter plot of the mean and standard deviation

of each thermometers in the T-map at 1.8 K. This is showing

the bath temperature corrected difference between two RF-

off T-maps, each 1,000,000 points taken at 50 ksps. The

mean standard deviation and standard deviation of the mean

provide an estimate of the statistical and systematic noise in

the system.

electronics and bath oscillation correction we can get the

uncertainty down to ≈ 15 µK after averaging.

There is one more source of uncertainty to consider: sen-

sor sensitivity to cavity wall temperature. When measuring

the cavity wall temperature the thermometer is both being

warmed by the cavity wall and cooled by the liquid helium

bath. The final temperature of the sensor is somewhere be-

tween the wall temperature and the helium bath temperature.

We refer to the fraction of the thermometer temperature rise

to the real wall temperature rise as the sensitivity. A previous

estimate from Cornell found that the sensitivity of one of

our sensors is 0.35 ± 0.13 [14]. This suggests an additional

37% uncertainty in all temperature rise measurements. In

addition, many aspects may affect this estimate: quantity

and consistency of thermal paste used, Kapitza resistance

of cavity wall, and operating temperature could conceivably

change the value. This additional systematic uncertainty in

the temperature increase is only relevent for certain measure-

ments.

The cavities measured here have a large indent at the

equator weld seam that creates poor thermal contact at the

equator. This reduces the sensitivity of the sensors at the

weld seam. In all the results we show here our equator has

zero heating on the scale displayed. In some cases, this is

likely because of the poor contact made by equator sensors.

DYNAMIC MEASUREMENTS

Now we will present several examples of dynamic temper-

ature map measurements made on Nb3Sn cavities. Nb3Sn

is an promising area of SRF research. The cavities are com-

prised of 3 µm of Nb3Sn on niobium bulk. The material

achieves high quality factors (≈ 2 · 1010) at 4.2 K and could

theoretically achieve accelerating gradients of 100 MV/m

in TESLA elliptical cavities [9, 15–19]. However, Nb3Sn

cavities are currently limited to 17 − 24 MV/m. The cause

of cavity quench is an area of ongoing research [9,20,21].

Temperature mapping has been used to identify a quench site,

but subsequent optical and electron microscopy inspection

has not revealed an obvious culprit [9]. This makes Nb3Sn

an exciting candidate for dynamic temperature mapping: any

additional information could help in determining the quench

mechanism.

Cavity Charge and Discharge

Figure 9a shows the average temperature of the tempera-

ture map while the cavity is charged and discharged at 1.8 K.

The temperature follows the transmitted power/energy curve

of the cavity except for a slow rise in temperature during op-

eration. The forward, reflected, and transmitted power were

recorded, and the external quality factor was determined

from quality factor measurements. Combining these we can

calculate the quality factor as a function of time as the cavity

is charged and discharged (see Fig. 9b). Similarly, we can

calculate the quality factor from the temperature/heating and

the transmitted power up to an unknown constant (depending

on sensor sensitivity, Kapitza resistance, and other thermal

20th Int. Conf. on RF Superconductivity SRF2021, East Lansing, MI, USA JACoW Publishing
ISBN: 978-3-95450-233-2 ISSN: 2673-5504 doi:10.18429/JACoW-SRF2021-TUOFDV05

Fundamental research and development

TUOFDV05

353

C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

4.
0

lic
en

ce
(©

20
22

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I



(a) Average temperature of all functioning sensors on

T-map during a charge-discharge cycle of the cavity.

Some smoothing applied. Inner plot displays the trans-

mitted power with is proportional to the energy in the

cavity. Measurement were done at 1.8 K.

(b) The quality factor vs time during the RF power

charge-discharge cycle. The quality factor is calculated

from recorded RF power data, and again from the wall

temperature and transmitted power from the cavity.

Figure 9

properties of the cavity). We scale the quality factors to

match at one location and see very good agreement across

the rest of the curve.

Temperature Slips

At 4.2 K (or anywhere above the superfluid transition

temperature) we see interesting dynamics in the charge-

discharge cycles. Figure 10 shows the temperature on one

thermometer. The temperature rises and then suddenly

falls/slips. This slip appears on every thermometer on the

T-map (when above the superfluid transition temperature),

but do not occur at the same time, surface field, or local

temperature: there is some amount of randomness.

This is likely a transition from convection cooling to nu-

cleate film boiling at the liquid helium-Nb3Sn interface [22].

Figure 11a shows a diagram of different steady-state heat

flow regimes. The low heat flux mode is convection cooling.

At slightly higher heat fluxes the system can transition to

nucleate film boiling. This substantially improves the inter-

face conductance, cooling the cavity wall and resulting in a

Figure 10: The temperature of a T-map thermometer during

a charge-discharge cycle of the cavity. Some smoothing

applied. Inner plot displays the transmitted power with is

proportional to the energy in the cavity. Measurement done

at 4.2 K. Notice that the temperature rises and then suddenly

drops.

(a) Schematic of regions of

different steady-state heat

flow behavoirs vesus the

heat flow plot. The y-axis

shows the elevated temper-

ature of the wall compared

to the helium bath. Figure

taken from [22].

(b) Temperature of a

heated wire in liquid

helium demonstrating the

transition from normal

convection to nucleate film

boiling regime. Figure

taken from [22].

Figure 11

temperature drop. Much of the conduction cooling area is

meta-stable, explaining the somewhat random timing of the

temperature drop. Experiments heating metal wires in liquid

helium baths show almost identical temperature curves (see

Fig. 11b) [22].

Temperature Jumps

Temperature jumps were previously observed at the

quench site of Nb3Sn cavities [8, 9]. These can be seen

in Fig. 12a. As the cavity charges we first see Ohmic heat-

ing, as expected, but then the temperature suddenly jumps

up. When the cavity discharges there are jumps back down,

but there is a hysteresis. The cavity does not quench dur-

ing the cycle. There has been much speculation as to the

cause of the these jumps and how they might be related to

quench [9, 21].

These jumps were measured using a single ADC to study

dynamic heating at only the quench site. They are fundamen-

tally a dynamic effect. Now that we have a high-speed T-map
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(a) Temperature vs surface

magnetic field at the quench

site of an Nb3Sn cavity as

the cavity is charged and

discharged [9]. Notice the

sudden jumps in tempera-

ture even though the cavity

does not quench.

(b) One of many channels

where a jump in tempera-

ture is observed (at ≈ 8 s)

while the cavity is charging.

Another small jump is seen

while charging. This cavity

quenches at ≈ 26 s.

(c) All channels where a temperature jump was ob-

served are marked in red.

Figure 12

that can measure every thermometer at once it is interesting

to see if we see these jumps again.

Figure 12b shows jumps observed on one T-map ther-

mometer using our dynamic T-map. Jumps of various

heights were observed on many T-map thermometers: 59

thermometers in total (see Fig. 12c). This dynamic effect is

far more widespread than previously realized. Further study

will hopefully reveal something about Nb3Sn performance.

Quench Video

Figure 13 shows a frame from the first quench of this

cavity after it was cooled to 1.8 K. Unfortunately, papers do

a poor job of displaying videos. The quench takes place over

≈ 50 ms and at 17 MV/m. Quench is occurring along the

equator on the right side of the T-map. The quench is not

localized but spread along the T-map. It did not originate in

one spot and spread but turned on across the entire region.

This is likely a multipacting quench being recorded.

This was not expected based on previous measurements.

Figure 1a shows a quench map of a previously measured

Nb3Sn cavity. The quench region is highly localized and

not at the equator. It is fundamentally different than the

multipacting we observe now.

Quench Site Evolution

We can record the temperature as the cavity continues to

quench and we see evolution of the quench site. Figure 14

shows a T-map over the next 32 cavity quenches and time

Figure 13: A frame from a quench T-map video. This shows

what appaers to be a multipacting quench.

resolved temperature at the two hotspots. We can see that

there are now two quench regions: along the equator, and

at a localized spot (as was seen in historic quench maps of

Nb3Sn cavities). The quenches move back and forth between

the two sites (with some movement on the equator as well).

The quenches settled on the second, localized site. The next

100 quenches were recorded and all of them were on the

second site. A possible explanation is that we processed the

multipacting site and hit a defect at almost the exact same

field, but more study is required.

Figure 14: A temperature map showing the average tempera-

ture while the cavity is quenched 32 times. Two different hot

spots emerge, indicating two quench locations. Two temper-

ature vs time plots are overlayed for a thermometer in each

quench region. Large temperature spikes indicate quench at

or near the thermometer. Medium height temperature spikes

indicate a quench that is still somewhat near (still on the

equator). We can see that quench is moving between the

equator and the hot spot in the lower left.

We could not see the first multipacting quench with the

old system because taking a quench map required quenching

the cavity 100’s of times. Since this quench site moves after

only one quench we could never see it with the old system.

CONCLUSION

We have built a high-speed temperature mapping system

that can acquire data at 50 ksps. This provides sufficient

speed to measure quench and other thermal dynamics. In

our commissioning tests we measured multiple dynamic

heating phenomena: temperature jumps, cavity quench, and

evolution of a quench site. This demonstrates both the capa-

bilities of the system and that there are important dynamics

that have never been measured.
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In addition, the new system attains very low noise: down

to 15 µK. This allows for very sensitive temperature measure-

ments. This opens new possibilities to measure low heating

phenomena such as resistance at low accelerating gradients

or taking temperature maps near the critical temperature.

The tool is already providing new insights into Nb3Sn

dynamics. We have shown widespread temperature jumps,

and new quench dynamics that could not be measured with

older temperature maps. Overall, high-speed temperature

mapping provides a new window into SRF science and per-

formance.
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